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deficiencies which require further investigation and remedial action.

Using the Corps of Engineers screening criteria for review

of spillway adequacy, it has been determined that the dam would

be overtopped for all storms exceeding. approximately 52 percent

of the PMF. The overtopping of the dam could cause the erosion

of the west embankment-spillway contact and downstream face of

the west embankment resulting in spillway failure, thus increasing

the hazard to the loss of life downstream. The spillway is, therefore,

considered to be "inadequate".

Structural stability analysis based on available information

* and the visual inspection indicates that the stability of the

spillway section against overturning is inadequate for the loading

conditions of maximum ice load at normal pool as well as one half

and full PMF. A wet area, detected during the visual inspection(s)

along the toe of the east embankment could, depending on the source

• of the wet area, affect the stability of the east embankment.'._

It is therefore recommended that within 3 months of notification

to the owner, detailed field investigations and monitoring of the

source of the wet are3 and structural stability analysis of the

•1 i spillway should be initiated.
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PREFACE

This report is prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams, for Phase I
Investigetions. Copies of these guidelines may be obtained from
the Office of C'ief of Engineers, Washington, D.C. 20314. The
purpose of a Phase I Investigation is to identify expeditiously
those dams which may pose hazards to human life or property. The
assessment of the general condition of he dam is based upon available
data and visual inspections. Detailed investigation, and analyses
involving topographic mapping, subsurface investigations, testing,
and detailed computational evaluations are beyond the scope of a
Phase I Investigation; however, the investigation is intended to
identify any need for such studies.

In reviewing this report, it should be realized that the reported
condition of the dam is based on observations of field conditions
at the time of inaspection along with data available to the inspection
team. In cases where the reservoir was lowered or drained prior to

inspection, such action, while improving the stability and safety of
the dam, removes the normal load on the structure and may obscure
certain conditions which might otherwise be detectable if inspected
under the normal operating environment of the structure.

It is important to note that the condition of a dam depends on
numerous and constantly changing internal and external conditions,
and is evolutionary in nature. It would be incorrect to assume that
the present condition of the dam will continue to represent the

condition of the dam at some point in the future. Only through frequent
inspections can unsafe conditions be detected and only through continued

care and maintenance can these conditions be prevented or corrected.

Phase I inspections are not intended to provide detailed hydrologic
and hydraulic analyses. In accordance with the established Guidelines,
the Spillway Test flood is based on the estimated "Probable Maximum
Flood" for the region (greatest reasonably possible storm runoff), or
fractions thereof. Because of the magnitude and rarity of such a storm
event, a finding that a spillway will not pass the test flood should
not be interpreted as necessarily posing a highly inadequate condition.
The test flood provides a measure of relative spillway capacity and
serves as an aide in determining the need for more detailed hydrologic
and hydraulic studies, considering the size of the dam, its general
condition and the downstream damage potential.
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PHASE I INSPECTION REPORT

NATIONAL DAM SAFETY PROGRAIM

NAME OF DAM: Brocton Reservoir

Inventory No. N.Y. 785

I STATE LOCATED: New York

COUNTY: Chautauqua

WATERSHED: Lake Erie

STREAM: Slippery Rock Creek

DATE OF INSPECTION: May 14, 15, 22, 1980
See Vicinity Map & Topographic fap,
Appendix F

m ASSESSMENT

Examination of available documents and a visual inspection

of the dam did not reveal conditions which constitute an immediate

hazara to human life or property. However, the dam has some

I deficiencies which require further investigation and remedial action.

Using the Corps of Engineers screening criteria for review

of spillway adequacy, it has been determined that the dam would

be overtopped for all storms exceeding approximately 52 percent

Iof the PMF. The overtopping of the dam could cause the erosion

of the west embankment-spillway contact and downstream face of

the west embankment resulting in spillway failure, thus increasing

the hazard to the loss of life downstream. The spillway is, therefore,

considered to be "inadequate".

IStructural stability analysis based on available information
and the visual inspection indicates that the stability of the

spillway section against overturning is inadequate for the loading

conditions of maximum ice load at normal pool as well as one half

and full PMF. A wet area, detected during the visual inspection(s)

along the toe of the east embankment could, depending on the source

I of the wet area, affect the stability of the east embankment.

1 1



I
It is therefore recommended that within 3 months of notification

to the owner, detailed field investigations and monitoring of the

source of the wet area and structur " stability analysis of the

spillway should be initiated.

A number of other deficiencies were noted and if left untreated,

these could develop into hazardous conditions. These deficiencies

are as follows:

1) A method of preventing or reducing erosion of the

shale in the downstream discharge c!annel below the

spillway must be developed and implemented. The

selected method of erosion protection must be evaluated

in terms of its potential impact on the structural

stability of the spillway.

2) All trees and brush must be removed from both the

west and east embankments.

3) All cracks and open joints in the spillway must be

repaired and refilled.

4) Backfill the erosion gully and divert the surface

runoff away from the downstream east abutment-

embankment contact.

5) Remove all brush, debris and vegetation from the

spillway.

6) Repair cracked and deteriorated grouted stone paving

on upstream embankment slopes.

7) Provide a program of periodic maintenance and inspection

of the dam and appurtenant structures including yearly

operation and lubrication of the reservoir drain valve.

The maintenance operations and inspections should be

documented for future reference.

8) Develop and implement an emergency preparedness plan
for the notification of downstream residents in the

II event of large spillway discharge.

ii
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9. Consideration should be given to permanently relocating

the reservoir drain valve to the upstream side of the

embankment.

Bent L. Thomsen, P. E.
Thomsen Associates
N.Y. License #40553

i Gary L. '-Wood, P. E .

I Thomsen Associates
N.Y. LUcense #44504

_-/ I,
; /

APPROVED BY:. .. ..-A-Colohe. W. M. Smith, Jr.

New lork District Engineer
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View of Crest and Upstream
Slope of East Embankment
from east side of Spillway
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I
PFASE I INSPECTION REPORT

NATIONAL DAM SAFETY PROGRAM

BROCTON RESERVOIR

I.D. No. N.Y. 785

LAKE ERIE BASIN

I CHAUTAUQUA COUNTY, NEW YORK

I SECTION 1: PROJECT INrORMATION

1.1 GENERAL

* a. Authority

This Phase I Inspection Report was authorized by the

New iork State Department of Environmental Conservation

by Contract No. D-201458. This study was performed in

accordance with the terms of the above contract and the

Recommended Guidelines for Safety Inspection of Dams

prepared by the Department of Army, Office of the Chief

I of Fngineers to fulfill the requirements of the National
Dam Inspection Act, Public Law 93-327.

I b. Purpose of Inspection

This inspection was conducted to obtain available data

concerning design and construction of the dam, to evaluate

that data, to visually inspect existing conditions at

I the dam, to identify and evaluate deficiencies and/or

hazardous conditions which, if present, may threaten life

and property of the residents downstream of the dam and

to recommend remedial measures to mitigate such deficiencies

and hazardous conditions.

1.2 DESCRIPTION OF PROJECT

1a. Description of Dam

The Brocton Reservoir Dam consists of an earth dam with

a concrete Ogee weir spillway.

The dam embankment consists of compacted soils obtained

jfrom the area surrounding the dam. The embankment has a

I



I maximum height of 52 feet, a crest width of 12 feet and a

total 'crest length of 988 feet. The eastern 757 feet of

embankment has a crest at elevation 942.0 whereas the

western embankment crest elevation is 940.0. The upstream

and downstream slopes are 1 verLical on 2.5 horizontal.
The upstream slope between 5 feet above and 10 feet below

normal pool is protected from wave action by grouted stone

paving. The remainder of the upstream slope above normal

pool (elevation 933.0) is grass covered. An earth cutoff

trench of varying depth and width of 8 feet keys the major-

ity of the eastern embankment into the underlying bedrock

j (shale) foundation material.

The spillway consists of a concrete Ogee weir 60 feet long

with the crest at elevation 933.0. The spillway is

excavated in the shale bedrock and keyed into the shale

I foundation with a 3 foot wide and 4 foot deep key below

the weir. The approach apron is 7 feet below the crest

elevation. The exit channel has a reinforced concrete

slab 12 inches thick seated on 4 inches of stone drainage

material over the shale bedrock. The exit channel is

75.8 feet long and has an 8 percent slope. The downstream

end of exit channel is also keyed into the bedrock with

I a 5 foot deep and 2 foot wide concrete key.

The reservoir is drained by a 16 inch cast iron pipe with

I a manually operated gate valve.

The toe drainage system consists of a trapezoidal drain

trench 2 foot deep with a top width of 3 feet and a base

width of 2 feet. Seepage is collected from the drain trench

I into 6 inch diameter drain tile as part of a change order

during construction. The toe drain trenches outlet into

the former Slippery Rock Creek channel.

S1 -2-
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b. Locationi The brocton Reservoir Dam is located approximately 1 miles

southeas of the Village of Brocton, New York.

c. Size Classification
The dam is 52 feet high and has a maximum flood storage

capacity of 134 acre-feet at the top of the west embankment

(elevation 940.0). Therefore, the dam is of intermediate

s*"e category by virtue of its height as defined in the

Recommended Guidelines for Safety Inspection of Dams.

d. Hazard Classification

The dayn is classified as a high hazard structure due to the

presence of the number of mobile homes and other residences

along the downstream channel.

e. Ownership

The dam is owned, operated and maintained by the Village

of Brocton, New York. The Village Clerk - Mr. Francis Lus,

was contacted during the Phase I inspection, his telephone

number is 716-792-4160.

The Village Office is at 34 West Main Street, Brocton,

New York, 14716. The water filtration plant located near

the dam is operated by Mr. Gary Miller, the telephone number

at the filtration plaht is 716-792-9933.

f. Purpose of the Dam

The purpcse of the dam is to impound a backup water supply

for the Village of Brocton. The normal water supply is

from two much smaller reservoirs located upstream of this

dam in the same drainage basin.

Ig. Design and Construction History

The design of the dam was performed by Nussbaumer and Clarke,

I Consulting Engineers from Buffalo, New York. The dam was

constructed between the Fall of 1951 and the Fall of 1952.

The contractor was John B. Schultz Conrtruction Company, Inc.

of Buffalo, New York.

I -3-
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h. Normal Operatio I Procedure

Normal flows are discharged over the concrete snillway.

The elevation of the spillway crest is 933.0. The west
embankment crest is at elevation 940.0 and the east embank-

I ment is at elevation 942.0. The reservoir has sufficient

capacity to store and the spillway to discharge 52% of the

I Probable Maximum Flood (PMF) without dischArge over-

topping the west embankment.

1.3 PERTINENT DATA

a. Drainage Area (Sq. Mi.) 3.5

b. Discharge at Damsite (cfs)

Reservoir Drain at Spillway Crest 17.1

Spillway at h PMF (Elev. 939.63) 4080

Spillway at top of west embankment (Elev. 940.0) 4322

c. Elevation (ft. above MSL)

(as noted on contract drawings)

Reservoir Drain Invert 996.0

Spillway Crest and Normal Pool 933.0

Top of West Embankment 940.0

Top of East Embankment 942.0

d. Reservoir

Length of Normal Pool 1600 ft.

Length of Drainage Basin 18,000 ft.

I e. Storage (acre-feet) (as taken from Application
for Construction, See Appendix E)

Normal Pool 245

f. Flood Storage (acre-feet above normal pool)

Top of West Embankment (Elev. 940.0) 134

g. Reservoir Surface (acres)

I Normal Pool (Contract Engineering Drawings) 16.5

Normal Pool (USGS Basisj 25.6

Top of West Embankment(Contract Engineering Drawinqs)21.0

Top of West Embankment (USGS Basis) 38.4

-4-
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h. Dam (taken from contract drawings)

Type: The dam is a relatively homogeneous embankment

composed primarily of clay, silt and sand with keyed

earth cutoff trench and toe drains approximately

parallel to the east embankment centerline

Length: (ft.) 988

Height: (ft.) 52

Top Width: (ft.) 12

Side Slopes: Upstream and downstream (V:H) 1:2.5

Cutoff: Earth cutoff trench with compacted

embankment material under east

embankment

Grout Curtain: None

The west embankment is designed not as a dam with toe

drains and a cutoff trench, but as a levee or dike

section. This section of embankment is 223.5 feet long

and has a maximum height above the former ground surface

* of 18 feet.

i. Spillway

Type, Concrete Ogee weir with crest elevation at
933.0. Entrance channel 7.01 below crest and a

75.8 feet reinftrcedconcrete exit channel on
an 8 percent slope. Both upstream face of the

Ogee weir and downstream end of the exit

channel are keyed into the shale foundation.

Total Length of Weir: 60 ft.

1 j. Reservoir Drain

Type: 16 inch diameter cast iron pipe

Length: (ft.) 260

Control: Manually operated gate valve in a manhole

located at downstream toe of embankment

above former Slippery Rock Creek channel.

~-5-
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SECTION 2: ENGINEERING DATA

2.1 GEOTECHNICAL DATA

a. General Geology

The Brocton Reservoir and dam are located approximately

1 miles southeast of Brocton, New York, on the rim of the

Allegheny Plateau, where the Plateau begins to fall away to

the lower elevations and glacio-lacustrine environment of

the Erie-Ontario lowlands physiographic province.

Local bedrock consists of uplifted and dissected shales

with interbedded siltstones of Upper Devonian age. Although

the regional dip is southward at a very gentle slope these

strata are essentially flat-lying over short distances.

The geologic reconnaissance has revealed no major or active

faults in the area. The Village of Brocton and Brocton

I Reservoir are situated in a region classified as Zone 3

seismicity, as shown on Figure No. 1 of the Recomended

Guidelines for Safety Inspection of Dams.

Pleistocene glaciation in southwestern New York involved

repeated advances and recessions of the continental ice

sheet. The terrain was smoothed by glacial scour and the

uplands were mantled with thin stony till deposits. Glacial

valleys were filled with lacustrine sediments and, sub-

sequently, by granular stratified outwash.

b. Subsurface Investigation

A subsurface investigation was undertaken as part of the

design phase. The results of the investigation are shown

on the contract drawings. The investigation consisted of

a total of 15 test borings advanced along the embankment

center line, spillway channel and in borrow areas. All

but 4 test borings penetrated the rock surface.

-6-
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c. Subsurface Conditions

The overburden soils at the dam site and in surrounding

borrow areas consisted of about 12 inches of topsoil

overlying a heterogeneoas mixture of clay, silt, sand,

Iand gravel. Occasional layers of relatively clean sand

and gravel were encountered. The underlying bedrock is

composed of shale with interbedded siltstone.

2.2 DESIGN RECORDS

The dam was designed by Nussbaumer and Clark, Consulting

Engineers of Buffalo, New York who prepared a "deport on

i Increased Water Supply For Village of Brocton", contract

specification;engineering drawings and Application for

the Construction to the State of New York, Department of

Public Works. Portions of these documents have been

appended with this report. Appendix E contains selected

i pages from the Report,Specifications and Application for

Construction where as selected engineering drawings are

included in Appendix F.

2.3 CONSTRUCTION RECORDS

IInformation concerning construction records was limited to
3 change orders made during construction. The first change

order concerned additional pipe quantities. The second

change order included increased quantities of the earth cut-

off trench and toe drainage trenches when excessive ground-

water was encountered during construction. The third

change order, issued near the completion of the project,

included additional rock removal and concrete placement

under the Ogee weir portion of the spillway due to the

I presence of soft rock at the rock surface. Included in
Appendix E are selected portions of the contract specifica-

tions dealing specifically with earthwork and concrete

construction and a 1967 "Report on Water Supply", prepared

by George W. Nutbrown, Consulting Engineer which describes

portions of the existing construction. AV -7-4



I
2.4 OPERATION RECORDS

The dam is designed as an uncontrolled water storage

structure, therefore, no operating records are maintained

regarding reservoir level or spillway discharge. Reportedly,

the structure is inspected during periods of high runoff

by the Water Filtration Plant Operator and Village Super-

I intendent of Public Works.

2.5 EVALUATION OF DATA

The data presented in this report has been compiled from

information obtained from the Village of Brocton and the

files of the New York State Department of Environmental

Conservation.

The data reviewed in connection with the Phase I inspection

were deemed to be adequate and reliable.

I
I
I
I
I
|
j A
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SECTION 3: VISUAL INSPECTION

3.1 FINDINGS

a. General

A visual inspection of the dam was conducted on May 14, 15,

and 22, 1980. The weather at the time of the initial

I1 inspection was cloudy and rainy which resulted in the

reinspection on May 15, 1980 during clear and warm weather

to better observe any evidence of seepage. The purpose

of the May 22, 1980 inspection was to operate the reservoir

drain. The reservoir level during all inspections was at

I the crest of the spillway.

b. Embankment

The embankment was, at the time of the inspections, in good

condition with no signs of misalignment, slouqhing, seepage,

or cracking. The embankment section west of the spillway

was heavily wooded, whereas the east embankment is primarily

grass covered with scattered brush and small trees less

than 3 inches in diameter. Exposed portions of the upstream

grouted stone paving is cracked and deteriorated. Selected

areas of the stone paving was repaved in 1978 using a lean

concrete mix. An erosion gully has developed along the

east abutment-embankment contact along the lower half of

the east embankment slope. This condition, due to surface

I runoff, has eroded a gully approximately 2 feet wide and

1 foot deep. A wet area was detected along the toe of the

east embankment extending from the central portion of this

embankment eastward to the abutment-embankment contact. It

is reported this wet area dries up during the summer months.

The toe drainage system consists of drain trenches near
the toe of the east embankment trending roughly parallel to

the east embankment centerline. The drain trenches are

cut into the natural soils and are backfilled with processed

gravel or crushed stone. No discharge was observed from

the drains on the inspection dates noted above.

-9-



I, C. Spillwav

The spillway is an uncontrolled sixty (60) foot wide

concrete Ogee weir. The crest of the spillway at

elevation 933.00 and is 7 feet above the concrete

approach apron channel. The concrete Ogee section of

the spillway is keyed into the bedrock foundation with

a 3 foot wide and 4 foot deep key running the entire

length of the weir. The concrete wingwalls rising above

the crest are provided with keys into the embankment

materials. The entrance channel, Ogee section, exit

channel and wingwalls are all founded of shale bedrock.

The exit channel slopes away from the Ogee section at

an 8 percent slope to the downstream channel. The exit

channel is provided with a gravel or stone drainage

blanket and weep holes near the downsteam end of the exit

I channel.

In general, the exposed concrete was in good condition.

Minor cracking of the exit channel base was detected.

Small brush is growing in the joint bet'ween the base of

the exit channel and the wingwalls. Dekris has collected

within the spillway.

Severe erosion of the shale in the downstream channel

has exposed the base of the concrete wingwalls and the

Key way provided at the downstream edge of the exit

channel. (See PhoLos in Appendix A).

d. Reservoir Drain

The reservoir is drained by a 16 inch cast iron pipe

and a manually operated gate valve located in a manhole

on the downstream slope just above the former Slippery

Rock Creek channel. The gate is in operable condition

and was operated on May 22, 1980.

S-10-



e. Downstream of Toe

An area west of the Slippery Rock Creek channel was

designated on the contract drawings to be a rock spoil

area. This area is covered with brush and small trees.
A wet area existed during the field inspection downstream

of the east embankment toe from the outlet of the reservoir

drain eastward to the abutment-embankment contact. This
I wet area extends approximately 25 to 30 feet beyond the

toe near the pump station.

f. Downstream Channel

The downstream channel beyond the spillway for a distance

of 315 feet was excavated in rock to the Slippery Rock

Creek channel. The planned channel invert as shown on the
I contract drawings has an 8 percent grade and a width of
1 60 feet. The inspection revealed the downstream channel

has been eroded significantly. We estimate the depth of

erosion, just downstream of the spillway, to be on the
order of 12 feet.

I g. Reservoir Area

The immediate area surrounding the reservoir is wooded
with slopes ranging from less than 10 percent to about
25 percent. No signs of slope instability were observed.

I 3.2 EVALUATION OF OBSERVATIONS

The visual inspection of this dam revealed the following

deficiencies: (in order of severity)
1) Severe erosion of shale downstream of spillway.

2) Wet area along downstream toe of east embankment
east of Slippery Rock Creek channel.

3) Heavy growth of trees and brush on west embankment
crest and slopes.

4) Minor cracking of spillway exit channel base.1 5) Erosion gul)y alog downstream east abutment-
embankment contact of east embankment.

i 6) Growth of small brush in spillway at joint of
the exit channel base and the wingwalls.

7) Scattered cracking and deterioration of groutedi stone ong on upstream slope of east embankment.

-11-



i 8) Minor growth of brush and small trees on downstreamj slope of the east embankment.
9) Debris within the spiliway.I

I
I
I
I
i
I

I
I
I
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SECTION 4: OPERATION AND YAINTENANCE PROCEDURES

I 4.1 PROCEDURES

The normal reservoir level is contrclled by the crest

elevation of the concrete Ogee section. Downstream flow

is limited by the flow over the spillway crest. The

reservoir has sufficient capacity to store and discharge

52 percent of the PMF before overtopping the west embank-

I ient. At full PMF the main (east embankment) dam is not

overtopped.

The reservoir water is used only as a back-up supply when
demand exceeds the available supply from the upstream

Burr and Risley Reservoirs. The reservoir water passes

through a 10 inch diameter CIP from a headwall near the

toe of the upstream east embankment through the embankment

to a pump house where the water is then pumped to the

water filtration plant.

I The reservoir drain is reportedly operated at least once

a year and before any reservoir water is pumped to the

water filtration plant.

4.2 MAINTENANCE OF DAM

I The dam is maintained by the owner, Village of Brocton.

There is no formal maintenance program. Previous mainten-

ance has included the cutting of trees and brush on the

east embankment slope3, mowing of the east embankment crest

and patching selected cracked and deteriorated section of

the grouted upstream stone paving on the east embankment.

4.3 WARNING SYSTEM IN EFFECT

There is no warninq system or evacuation plan in effect.

The structure has, in the past, been monitored by Village

4.4 personnel during periods of heavy run-off.

The operation procedure for this sturcture is satisfactory,

3 Ihowever, increased maintenance is required to correct

UI deficiencies noted in Section 3.2.

I -13-
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SECTION 5: HYDROLOGIC/HYDRAULIC

5.1 DRAINAGE AREA CHARACTERISTICS

Delineation of the water shed draining into the reservoir

3 Ipool area was made using the USGS 7.5 minute quadrangles

U for Brocton and Hartfield, New York. The drainage area

measures 3.5 square miles and consists predominately of

wooded land along with some open fields anu marshland. The

relief in the area consists of gentle to moderately sloped

I hills that surround the reservoir to the east, west, and

south. There are two other small reservoirs within the

watershed, but they are not taken into consideration

because of their minimal storage.

f 5.2 ANALYSIS CRITERIA

The analysis of the floodwater retarding capability of

this dam was performed using the Corps of Engineers HEC-I

computer program, Dam Safety Version. This program develops

an inflow hydrograph based upon the "Snyder Synethetic

Unit Hydrograph" and then uses the "Modified Puls" flood

routing procedure. The spillway design flood selected

for analysis was the PMF in accordance with the Recommended

Guidelines of the U. S. Army Corps of Engineers.1
5.3 SPILLWAY CAPACITY

IA sixty (60) foot long concrete Ogee section serves as

the only spillway for the Brocton Reservoir Dam.

I The spillway does not have sufficient capacity for dis-

charging the peak outlfow from the Probable Maximum Flood

I (PuF), but does have adequate capacity for discharging

one-half the PMF.

IThe development of the inflow hydrograph and flood routing

procedure for this structure was based on the reservoir

Istage-storage characteristics as determined from both the

-14-



I
contract engineering drawings and the U.S.G.S. 7.5

minute quadrangle for Hartfield, New York. The results

of the analysis from the differing datum are as follows:

Inflow (cfs) Outflow (cfs)
Basis PMF 1/2 PMF PMF i/2 PMF

Contract
Drawings 8,255 4,128 8,252 4,080

U.S.G.S. 8,234 4,117 8,211 3,972

The computed spillway capacity for a water surface

elevation at the top of the west embankment (elevation 940.0)

is 4,322 cfs which is based on a weir coefficient varying

between 3.2 and 3.9 as the stage increases from the spill-
way crest to the top of the west embankment. It should beInoted that the dam has a differential crest elevation,
the 940.0 elevation applies tc the top of dam west of the

spillway, whereas, the top elevation of the dam to the

east of the spillway is at elevation 942.0.

5.4 RESERVOIR CAPACITY

From data presented in the Application for Construction the{ reservoir has sufficient capacity to store 245 acre-feet

at the spillway crest elqvation.

[The reservoir sirface at the spillway crest elevation

was determined using both the contract engineering drawings

and the U.S.G.S. 7.5 minute quadrangle for Hartfield, New York.

Based on these two different topographic sources, the flood
storage capacity of the reservoir at the top of the west

I embanknient is as follows:
Reservoir Flood Storage at
Surface Top of West Embankment

Basis (Acres) (Acre-Feet)

Contract Drawing 16.5 133

U.S.G.S. 25.6* 224

*Note that the water surface is shown on the U.S.G.S. sheet at
about elevation 925, which is holcw the actual spillway elevation
of 933. Therefore, this area is that inscribed by an interpolated
contour.

-15-
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j 5.5 FLOODS OF RECORD

Due to the lack of reliable information, no attempt was

made to estimate the discharge of the flood of record.

5.6 OVERTOPPING POTENTIAL

U Analysis using the more conservative PMF result indicates

that the dam does not have sufficient spillway capacity.

For a PMF peak outflow of 8,255 cfs, the west embankment

would be overtopped to a computed depth of 1.93 feet. The

west embankment would be overtopped by all storms exceeding

52% of the PMF, however, the east embankment would not be

overtopped at the PMF.

5.7 EVALUATION

The difference in the reservoir surface area between that

obtained using the contract engineering drawings and the

U.S.G.S. sheet has little influence on the reservoir storage

capacity and the spillway capacity for discharging the

outflow for one-half the PYIF. The spillway is capable of

passing between 52 and 54 percent of the PMF depending on

the stage-storage characteristics from the contract draw-

ings and the U.S.G.S. sheet, respectively.

We note a weir coefficient of 3.0 was used in the stage-

j discharge computation for the west embankment which is

heavily wooded.

Discharge over the west embankment could result in serious

erosion of the embankment and potential undermining of the

I spillway. The discharge in the downstream channel would

be controlled by the magnitude of embankment erosion which

cannot be evaluated.

Based on the available data, the spillway is considered

i inadequate.

-16-/



SECTION 6: STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observations

No signs of instability were observed in connection with

this structure, however, continued headward erosion of the

discharge channel downstream of the spillway could

undermine the spillway exit channel and wingwalls if left

untreated.

b. Design and Construction Data

A few documents concerning spillway design and stability

were available for review. These documents included

computations of spillway discharge capacity, overturning

stability and maximum foundation pressures. For spillway

stability, two cases had been analyzed, that of a high

water condition with the reservoir level at elevation

940.0 and a case of no water pressure against the spillway.

Since the available stability computations did not take

into account ice and earthquake forces additional

spillway stability analyses were performed. No record

of embankment stability analyses was available.

A review of the recommended design parameters* for a homo-

geneous earth embankment of recompacted clay, silt, sand

and gravel materials indicates that side slopes of I ver-

tical on 2.5 horizontal are reasonable in terms of embank-

ment stability.

The crest width of 12 feet is somewhat narrow for earth

embankments with a maximum height of 52 feet. The cutoff

trench width and depth is in accordance with normally

accepted design.

II
*"Design of Small Dams", U.S. Department of Interior,

Bureau of Reclamation, 1977.

-17-
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The details of the internal drainage system do not conform

with generally accepted design concerning the depth, width

and filter criteria. Of these features, the filter

criteria appears to be the most critical. The backfill

for the trenches as shown on the contract drawings is

composed of a 6 inch thick layer of #2 stone (or graded

gravel) over 18 inches of #4 stone (or graded gravel).

This material is both poorly graded and not suitable as

filter material against the foundation soils composed

of a heterogeneous mixture of clay, silt, sand and gravel.

Design of the upstream slope protection is more than

adequate for the reservoir size (fetch) and a sustained

1maximum wind velocity of 75 miles per hour.

Cross-sections of the spillway shown on the contract

drawings in Appendix F were used to perform a structural

stability analysis. The fo]lowing cases with varyinq

loading conditions were analyzed.

a. Normal Pool with the reservoir at the spillway
crest.

b. One-half PMF, water flowinq over the spillway
crest at a depth.of 6.63 feet.

c. PMF, water flowing over the spillway crest at a
depth of 8.91 feet.

The details of the analysis are contained in Appendix D

and are summarized in the following table:I
I
I

-18-
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I

The analyses indicates sliding safety factors are more

than adequate under all loading conditions. For static

overturning stability the resultant of the applied forces

is outside the middle third of the structure for 2 of the

I 8 loading conditions investigated.

The stability of the spillway is highly sensitive to the

jmagnitude and distribution of the hydrostatic uplift pressures.
In order to fully evaluate the structural stability of the

spillway we recommend additional field investigations be

undertaken to determine the distribution and magnitude of

hydrostatic uplift pressure for this structure. This

fdata should then be utilized to analyze the stability of
the spillway.

c. Seismic Stability

The dam is situated in Seismic Zone 3, therefore, a seismic

stability analyses was performed based on the Zanger hydro-

dynamic pressure distribution which is similar to the

Westergaard distribution recommended by the Corps of

Engineers guidelines. The analysis was performed under

normal pool, half PMF and full PMF. The results are

tabulated above and it appears that under all loading

conditions including seismic loads the structure is adequately

stable and the resultant of all forces is within the base.

I
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SECTION 7: ASSESSMENT/RECOM4ENDATIONS

7.1 ASSESSMENT

a. Safety

The Phase I inspection of the Brocton Reservoir dam
did not reveal conditions which constitute an immediate

hazard to human life or property. Based on the available

data the spillway is capable of passing at least 52 percent

of the P?.F and therefore the spillway is judged to be

"inadequate". The structural stability analysis indicates

the spillway would not be stable for several loading

j conditions.

The wet area along the downstream toe of the east embankment

could constitute a potential hazard if the source of the

wet area is from seepage t',rough the embankment or along

the abutment-embankment contact.

b. Adeauacy of Information

I The available documents reviewed as part of the Phase I

inspection is adequate with the exception of the reservoir

surface area discrepancy between that calculated using the

U.S.G.S. 7 1/2 minute topographic map of the Hartfield,

i New York quadrangle and the contract drawings.

c. Need for Additional Investigations

Field investications and monitoring should be undertaken

to determine the source of the wet area along the downstream

toe of the east embankment.

In addition, field investigations should be directed to

determine the actual distribution and magnitude of hydro-

static uplift pressures at the base of the spillway as well

[as the spillway foundation material shear strength parameters.

Based on the data obtained from the field investigations

additional analysis should be performed to evaluate the

significance of the source of the wet area and spillway

structural stability.

-20-Il



A method of preventing or reducing erosion of the shale

in the downstream channel should be devised and imple-

mented. In addition, the consequences of the proposed

method(s) should be evaluated in terms of its affect on

altering the hydrostatic uplift pressures and consequent

spillway stability.

7.2 RECOMMENDED REMEDIAL MEASURES (In order of priority)

a) Further erosion of the downstream discharge channel
below the spillway must be prevented.

b) All trees and brush should be removed from both
the west and east embankment slopes.

c) All cracks and joints in the spillway should be
repaired.

d) The erosion gully along the downstream east abutment-
embankment contact should be at least regraded and
seeded.

e) All brush, debris and other vegetation should be
removed from the spillway.

f) Repair cracked and deteriorated grouted stone paving
on upstream embankment slopes.

g) An emergency action plan should be developed and
implemented for notification of downstream residents
in the event of large spillway discharge.

I h) Additional remedial measures may be required
depending on the results of the additional field
investigations and analyses.

i) When and if the reservoir is drained, consideration
should be given to relocating the reservoir drain
valve to the upstream side of the embankment and
thereby prevent the drain pipe from being constantly
pressurized.

-
I

SI
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APPENDIX A

PHOTOGRAPHS
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THOMSEN ASSOCIATES
CONSULTING GCOTKCNNICAL ENGNEERS & GEOLOGISTS

VISUAL INSPECTION CHECKLIST

1) Basic Data

a. General

Name of Dam " o " /e/vo,,"

* I.D. # C- - DEC. Dam No. / 7?f
River Basin Z/'A. •...

Location: Town / County CrA,?A-,,

U.S.G.S. Quadrangle __ _,__ __.

Stream Name - " 4.

:I Tributary of -

Latitude (N) - 2' Longitude (W) //'2 /.'
l Type of Dam 1,4// , - l,/e 5//,,e.

Hazard Category

Date(s) of Inspection &."- - . "/,& / , ' -
Weather Conditions R7., .. S,- , , .. , AS 0 -

Reservoir Level at Time of Inspection 3) '/0 "

Tailwater Level at Time of Inspection "- ± (2'.i7'/_. ', .-

b . In sp e c t io n P e r so n n e l 
W/'v . - " ' ,,. /0.1

c. Persons Contacted (Including Address & Phone No.)
" • . -, - V. -., :., ' .

I OL,,:,%r -n e S ,' ,, p , ' --," L/- I.

I 4. History:
Date Constructed /£y .'/9i Date(s) Raconstructed 19'7&

Designer ^. A . . #-',

Constructed by Co". c4x,. V" J*> ?AALt A)./

Owner 96.3

e. Seismic Zone o -_

I
!
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I THOMSEN ASSOCIATES
CONSULTING GCOTECHNICAL IENGINIERS & GEOLOGISTS

I 'VISUAL INSPECTION CHECKLIST

21 Embankment

a. Characteristics

1L Embankment Material" j;A/i , &- / ,. .

1 2) Cutoff Type -  C, - I

3) Impervious Core

4) Internal Drainage System 7 -%. .. ,,

1 5) Miscellaneous

b. Crest

1 ) Vertical Alignment 6000_

1 2) Horizontal Alignment 6ood

i
3) Surface Cracks A/0v

4) Miscellaneous

c. Upstream Slope

1) Slope(Estimate) (V:H) /. a Bro
~~2) Undesirable Growth or Debris, Animal Burrows bN

3) Sloughing, Subsidence or Depressions _/-

I/



I

I THOMSEN ASSOCIATES
CONSULTING GKOTECHNICAL ENGINEERS & GEOLOGISTS

I VISUAL INSPECTION CHECKLIST

4) Slope Protection (h, . 2 " -

I 5) Surface Cracks or Movement at Toe c,- -. ,

d. Downstream Slope

1) Slope (Estimate - V:H) f5

2) Undesirable Growth or Debris, Animal Burrows _ Z6ry

3) Sloughing, Subsidence or Depressions /

I 4) Surface Cracks or Movement at Toe If .

5) Seepage .

I
6) External Drainage System (Ditches, Trenches; Blanket)

A

7) Condition Around Outlet Structure . IA,

8) Seepage Beyond Toe - . ./

e. Abutments-Embankment Contact

I
I



THOMSEN ASSOCIATES
CONSULTING GCOTZCHNICAL ENGINEERS & GEOLOGISTS

I VISUAL INSPECTION CHECKLIST

1) Erosion at Contact "/,A' _/..-'- . 7'-

2) Seepage Along Contract

3) Drainage System

i a. Description of System - - -

b. Condition of System _____ ____,-____

I
c. Discharge from Drainage System A/ &.--, /I

4) Instrumentation (Mopmentation/Surveys, Observation Wells, Weirs,
Piezometers, Etc.) ___ _ _ _ _ __.._ _ _ _i

I
II

I
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i THOMSEN ASSOCIATES
CONSULTING GEOTECHNICAL ENGINEERS a GEOLOGISTS

I VISUAL INSPECTION CHECKLIST

i 5) Reservoir

a. Slopes -4 ; , s

b. Sedimentation _ _ _ __

c. Unusual Conditions Which Affect Dam ,

I 6) Area Downstream of Dam

A. Downstream Hazard (No. of Homes, Highways, etc.) _ _

I , , //%, 4 ,,, .,, .0. , , /L &....-

b. Seepage, Unusual Growth /Vo___-I
I C. Evidence of Movement Beyond Toe of Dam _ _,.._

d. Condition of Downstream Channel - / /

I/
7) Spillway(s) (Including Discharge Conveyance Channel)

a. General C "- /r

I
b. Condition of Service Spillway i'-' , A"^,:"

I ':- oi ,

I



THOMSEN ASSOCIATES
CONSULTING GEOTECHNICAL ENGINEERS & GEOLOGISTS

VISUAL INSPECTION CHECKLIST

c. Condition of Auxiliary Spillway ____________________

d. Condition of Discharge Conveyance Channel 11

I 8) Reservoir Drain/Outk4st
Type: Pipe w,___ -Conduit _ ______Other_____

Material: Concrete _ ____Metal ilZ-P Other

Size: l~ Length 411.
Invert Elevations: Entrance a Exit 4:V

Physical Condition (Describe): Unobservable .~

Material: _______________________

I Joints:______________ Alignment_________

Structural Integrity: _________________

Hydraulic Capability:_______ __________

IMeans of Control: Gate - valve Uncontrolled

Operation: Operable w- Inoperable - Other

Present Condition (Describe): c54/e ~$
;ZZ-~~~ 19: 5 -e 0")LI ~ ~~~~~~~A-f0A4A ' .lA

/'10 ., A4,

'Ea .4I

IA



I THOMSEN ASS©CiATES
- -Q% iL L CE - 7 -. T":C '"IW"AL. C. ; 1%C E -r . .. :

I
9) StructuralI a. Concrete Surfaces ______________.

I

I b. Structural Cracking / e 2 -i - .A

I
c. Movement - Horizontal & Vertical Alignment (Settlement)

d. Junctions with Abutments or Embankments __

I e. Drains - Foundation, Joint, Face 64e/ Z2 e',;ie

I f. Water Passages, Cznduitc, Sluice3 . ''_ ,/.y

IoI ~g. Seepage or Leakage . o'"

I

I
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T HOMSEN ASSOCIATES
t*'-jT'G SEC rE- 'NCAL E4Nt: ?S Pr . A' )L- IV~.

I h. Joints - Construction, etc. // -' '

I i. Foundation Iva-r 0-W .i

I
j. Abutments ____7-___ o___1__44_E

k. Control Gates ______

I
1. Approach & Outlet Channels

I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

m. Energy Dissipators (Plunge Pool, etc.) __I
n. Intake Structures .. /v__ _ _/_ __,

I
1 o. Stability __,____, ___,,___,.__ ______

p. Miscellaneous

I.
I
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J THOMSEFN, ASSOC, ITEMS

I
CHECK LIST FOR DAMS

HYDROLOGIC AND HYDRAULIC
ENGINEERING DATA

AREA-CAPACITY DATA:
Elevation Surface Area Storage Capacity

(ft.) (acres) (acre-ft.)

1) Top of Dam F.1.2o 1 ,s/54 / 37 9 / 9
2) Design High Water

(Max.Design Pool) F40 _______1_ !Pb/I 7 9
3) Auxiliary Spillway

Crest A/4. <. 4 ._ /___, __

4) Pool Level with
Flashboards A./. , . A/A

5) Service Spillway
Crest , -3 c __-_

I DISCHARGES

VolumeI (cfs)

1) Average Daily 6 -&-JI.,

2) Spillway @ Maximum High Water6'e/- q1/.o) _73z2

I 3) Spillway @ Design High Water A1.4

4) Spillway @ Auxiliary Spillway Crest Elevation A.

j 5) Low Level Outlet (Re,ro',- 'r:., /7

6) Total (of all facilities) @ Maximum High Water _ __

J 7) Maximum Known Flood

II



THOMSEN ASSOCIATES
f A., !. L : N I I % k N I ' " . r .

CREST: NA/ F r F'm - ELEVATION: L/rt 0D

Type: Co,.4, c A r

Width: Z 6-Ir Length: - - 757 c

Spillover C1nc. - c .; Qw C ' So

Location Fa 0- es-r j . o- e-,r uo, P

I SPILLWAY:

PRINCIPAL fEMERGENCY

I_ _ _ _ _ _ _, _ _ _ _ _ Elevation _/_._0

46_d __ ,Type 6'eth £.-'k -

I _________________ Width 223. ,

Type of Control

I_____________________ Uncontrolled ___._e_,._ ___, __/, __

Controlled:I _Type

(Flashboards; gate)I Number

Size/Length

Invert Material _ __ _

Anticipated Length
of operating service vs" / .0 ;[)K/16

C__ _ . __ __ chute Length /V1 /1 "6jk.

______ .... Height Between Spillway Crest A/p / .. ',i
& Approach Channel Invert

(Weir Flow) A



i THO' !SEN ASSOCIATES
-U L ?'. .I ST R U A L F R 4 D F A C I L I T ES-

OLET 3TRUCTUxtES/EMERGENCY DRAWDOWN FACILITIES:

Type: Gate j Sluice Conduit Penstock

Shape: _ ,____

Size: _( ___0

Elevations: Entrance Invert__ _ _ _ _

Exit Invert 4 O

Tailrace Channel: Elevation 0, ,

HYDROMETEROLOGICAL GAGES :

I ~Type:__________________________________

Location: 1/e, . 2 /o,"/ 6Je' , / /L/i# >,,

Records:

Date- ,ed, J-,, /'/-- A-' /A?. , .

I Max. Reading-

FLOOD WATER CONTROL SYSTEM:

Warning System: __

I Method of Controlled Releases (mechanismns):

I
I
I
I

I

I



THOMSEN ASSOCIATES
CONSULTING GEOTEICHNICAL ENGINEERS & GEOLOGISTS

'IDRAINAGE AREA: 23.5 0,- M'i- 7)c

.Ar 4

I DRAINAGE BASIN RUNOFF CHARACTERISTICS:

Land Use - Type: --z re Z .v 4a - '

I Terrain- Relief: e I,- 4 o e e''Ae -- (bO-'V a -

I Surface- Soil: Ci,, -,,d 5,4 1. . ,v,,L o .-

Runoff Potential (existing or planned extensive alterations to
existing surface or subsurface conditions)

I Potential Sedimentation problem areas (natural or man-made;
present or future)

Potential Backwater problem areas for levels at maximum storage
capacity including surcharge storage:

Dikes - Floodwalls (overflow & non-overflow) - Low reaches along
the Reservoir perimeter:

Location: We-l :bc, 6 ,ore^+* &A6A^er

j Elevation: 1-4O.O

II
I, I
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1.01 14.30 bO 0.5s V.50 V00 502. 1.02 13.30 150 0.00 0,00 000 290

1.01 12.4b 51 4151 0.50 V1O 500. 1.02 13.4b 151 0.00 0.00 0.00 27.

1i* 13.00 52 0153 0.0 V02 o04. 1,02 14.00 152 0.00 0,00 0.00 25.

1.01 13.1b 53 0.03 0.01 0.04 799. 1.02 14.15 1*3 0.00 0.00 0.00 44,

1.01 13030 54 4.o3 0.61 0,0 970. 1.02 14.30 154 0,00 000 0.00 22.

1.01 13.46 5) 0.bj 0.ol V.02 11 *. 1.021m 4b I1 0.00 0.00 0.00 21.
1.vl 14.00 3 0,o* o.ol U M.JQWiSENGOII NURSI Mo 166 0.00 0.00 0.00 IV.

-- S. -



1.01 14.1: 57 0.1v u.7o 0.02 1730. 1.02 15.15 157 0.00 0.00 0.00 18.
1.l 1 .30 z 0.79 U.1o 0.02 2038. 1.02 15.30 156 0.00 0.00 0.00 17.
1.Ul 14.45 59 u.79 v.7a 0.u2 23b3. 1.02 15.45 159 0.00 U.00 0.00 16.
1.u1 15.vo 60 0.79 u,7b 0.04 2691. 1.02 10.00 ibo 0.00 0.00 0.00 15.
l.u 15.15 bi 0.00 0.78 u.u2 3013. 1.02 16.15 161 0.00 0.00 0.00 14.
1.u1 1 .30 *2 1.60 1.5 0.02 3342. 1.02 lb.30 162 0.00 0.00 0.00 13.
1.01 1b./b 63 4.4d 4.40 0.03 3152. 1.02 16.45 163 0.00 0.00 0.00 12.
1.31 16.00 04 1.12 1.10 0.02 42v2. 1.02 17.00 1o4 0.00 0.00 0.00 11.
1.01 16.15 65 0.74 0.71 0.02 4883. 1.02 17.1b 165 0.00 0.00 0.00 10.
1.01 lb.30 66 0.74 0.71 U.02 514. 1.02 17.30 166 0.00 0.00 0.00 10.
1.01 10.45 07 0.74 0.71 u.02 6152. 1.02 17.45 167 0.00 0.00 0.00 9.
1.01 17.00 68 0.1. 0.71 0.02 6773. 1.02 18.00 168 0.00 0.00 0.00 8.
1.01 17.16 69 0.68 0.66 0.02 7324. 1.02 18.lb 169 0.00 0.00 0.00 8.
1.01 17.30 70 0.54 0.55 0.02 7758. 1.02 1.30 170 0.00 0.00 0.00 7.
1.01 17.45 71 015d 0.55 0.02 80b4. 1.02 18.45 171 0.00 0.00 0.00 7.
1.01 10.00 72 0.bO 0.55 0.02 8239. 1.02 19.00 172 0.00 0.00 0.00 6.
1.01 18.15 13 0.0. 0.04 0.02 d265. 1.02 19.15 173 0.00 0.00 0.00 6.
1.01 18.30 74 0.Oo 0.04 0.02 6080. 1.02 19.30 174 0.00 0.00 0.00 6.
1.01 16.40 15 0.0. 0.v4 0.02 77b9. 1.02 19.45 175 0.00 0.00 0.00 5.
1.41 19.O0 76 0.0a 0.04 0.02 7109. 1.02 20.00 17b 0.00 0.00 0.00 5.
1.01 19.16 77 0.0U 0.04 U.02 7016. 1.02 20.16 177 0.00 0.00 0.00 5.
1.01 19.30 7d u.va 0.04 0.02 6593. 1.02 20.30 178 0.00 U.Ou 0.00 4.
1.01 19..s 79 0.Oo 0.04 0.02 6143. 1.02 20.45 179 0.00 0.00 0.00 40
1.01 20.00 80 0.00 0.04 0.02 5600. 1.02 21.00 180 0.00 0.00 0.00 4,
1.01 40.15 81 0.00 0.04 0.02 521o. 1.02 21.15 11 0.00 0.00 0.00 s.
1.0i 2u.JO .2 0.uo 0.u4 0.02 47,0. 1.02 21.30 182 0.00 0.00 0.00 3o
1.1 20.45 b3 0.0, 0.04 0.02 43.1. 1.02 21.45 13 0.00 0.00 0.00 3.
1.01 21.00 o4 .0o o.Vu 0.02 3914. 1.02 22.00 1w4 0.00 0.00 0.00 3.
1.01 21.1* b5 u.0o 1.04 0.02 3540. 1.02 22.15 186 0.00 0.00 0.00 3.
1.01 21.0j 86 0.00 0.04 U.02 3210. 1.02 22.30 186 0.00 0,00 0.00 2.
1.01 21..5 07 0.00 0.04 0.u2 2926. 1.02 22.46 187 0.00 0,00 O,OC 2.
1.01 22.u0 ab u.o U.04 O.o2 2o 0. 1.02 23.00 1%8 0.00 0.00 0.00 2o
1.01 22.16 69 0.00 0.04 0.02 2422. 1.02 23.15 189 0.00 0.00 0.00 2.
1.01 22.30 90 0.va 0.04 0.02 2209. 1.02 iJ.3U 190 0.00 0.00 0.00 2,
1.01 41.%5 91 0.0* 0.04 0.02 201d. 1.04 23.46 191 0.00 0.00 0.00 2.
1.01 3.00 92 0.06 0.04 0.02 1647. 1.03 0.00 192 0.00 0.uO 0.00 2.
1.01 23.15 93 0.06 O.U 0.02 192. 1.03 0.16 193 0.00 0.00 0.00 I*
1.01 23.30 94 0.va 0.04 (.02 1554. 1.03 0.30 194 0.00 0.00 0.00 1.
1.01 23.45 96 v.0o 0.04 0.02 1430o 1.03 0.45 195 0.00 0.00 0.00 to
1.02 O.0O 90 0.00 U.04 0.02 1319, 1.03 1.00 1V 0.00 0.00 0.00 1.
1.02 0.l 17 0.00 0.00 0.uO 121#. 1.03 1.15 197 0.00 0.00 0.00 1o
1.44 U.J V4 0.ou 0.U u.00 1126. 1.03 1.30 191 0.00 0.00 0.00 1.
1.02 0.45 99 O.0u 0.00 0.00 1041. 1.03 1.45 199 0.00 0.00 0.00 1.
1.02 1.0 100 0.00 0.00 0.00 961. 1.03 2.00 200 0.00 0.00 0.00 1.

SUN 25.61 22.80 2.01 209793.
( ab0.)( 579.)( 71.)( 940.67)

PLAK 6-HOUR 24-,UUR 72-HOUR 701AL VULOUL
CF 2 65. 0030. 2161. 1049. 207b9,.
C146 2s4. 171. bi. 30. 591.

1.4CnL 1o.03 22.98 23.23 23.23
1 401.10 583.57 590.11 590.11

Ac-if 2990. 4286, 4334. 4334.
1nJUS CJ 3.6,. 5287. 537. b347.

nYDRGk^FH At STA I f3k PLAJ 1, RYTO 1
1. 1.1 1. It 1. 1. I. i.

9O,7



0. u. 1. 0. 1. 1. 3, 9. 13.

1o .1. 36. 45. 51. Sb. bi. 60. 70.

74. I. 8u. di. a!2. 67. $9. 9u, 93. 100.

l1i. 133. lou. 15. 234. 2i0. 34o. 40u, 473. 538.

ouj. oo. 130. obo. 471. 11J. 1230. 13)55. 1405. 1552.

.113. 104d. Lo1. 1610. 1554. 140J. 1403. 1j 1. 1429. 1136.

104). 9i1d. 106 7d3. 711. 044. 505. 532. 484. 442.
qo.. so9. ssj 3 1.1ll 2a6. 204. 244. 245. 20a. 192.
177. 163. 2. 142. 132. 124. 115. love 100. 94.

07. dj. 7a. 71. 60. 62. 58. 54. 50. 47,

44. 41. 3d. 35. 33. 31. 2. 27. 25. 23.

22. 20. 1. ld. 17. .S. 14. i. 1I3 12.

11. .U. Lu. 9. 6. 0, 7, 7. 6. 6.
5. S. 0. 4. . 4. 4 . 4, J. 3..]

3. 3. *. 2. 2 2. 2. i. 2. 1

1, 1, 1, 1. 1. 0. 0. 0. 0. 0.

1. . 0. 0. 0. 0. 0. 0. 0. 0.

5 w-1IOR 24-nOUR 72-mOUR TUIAL VOL.4

Crs 1051. 120. 432. 20. 4195d.
C* 7. J4. 12. 6. 11d,.

1.sies 3421 4.o0 4.65 4.55
.4A 1.42 11.71 11,.02 liu.02

5cf 9do 057. of37. Wo7
1ri0v Cu 9 73d. 1057. 1069. 1069.

2,dv jumA Af SA I FO PL AN 1, 5,510 2

2. 2. 1. 2. 2. 4. 2. 1. 1. 1.

.. o, 1. 1. 2. 5, 10. 16. 23.

33. 43. $,. 6o. 7a. 9. 99, 107. 115. 122.
1 9. IJ . 1.1. i44. 141. 1% . lb , I1zo , 163 176.

19.. 23j. 2u. J64. 41a. 507. o05. 713. 927. 942.

1054. 1170v. 131 . 1419. 1709, 1110. 2153. 2371. *563, 2715.

04j 2di* 2020. 1719. *9J. 3450. 2307. 2150. 19dii 1
100.lo6. lsl*. 137u. 1242. 11170 1024. 9*1. 840. 773.

7Uo, o*6. 594. $440. 501. 4.2. 4b2. 394. 364. J36.
J00 , o. 240. 232. 216. 2U2. lid. 176. 1*4.

153. 143. Ijj, 114. 11o. 140. tl1 94. is. a2.

7a. 71. 07. 62. 0. 54. Sue 4?. 44. 41.

36. So. Ji. 31. 29. 27. 25. 24. 22. 20.
19. 1 , 170 10. 140 14, 11* 129 lie 10.

Iu. 9. 4. v, 7. . e, 6. S. 5,

b. 4. 4, 4, 4. 3. 3. 3. 3. 31

2. 2. 2. 2. 2. 2. 2. 1, 1, 1.
1 * , 1 . 1 . t o 1 1 1 , 1 .*1

1. 1, 1. 01 0. 0, 0. 0. 01 01

P C%( 6oMOUR -HOUR 74-Ci R TOTAL VOLUE

vs 28851. 2111. 756. J07. 7342.
Cis i*. 60. 21. A0. 207.

ICrt 5.01 8.04 8.1 .13

A4 142.48 204.25 206.!q 20o.S4
A1-rf 1o47. 1500. 1z17. 15179

Ihk0U4 Cd 1291. 1451. 1.71. 1071.

* .-;..-,-.--. * ~l Xe N¢. .........

4 -



a j 0tAVfl Ar sTA I Fak PLAN 1. RIlu 3
S. 2. . . 2. 2. 2. 2. 2.

1. . 1. 1 . 3. 7. 14. 22. 34.
47. 02. 7,. 9b. 111. 127. 141. 153. 16S. 17b.1a4. 192. 199. 200. 212. 217. 222. 226. 234. 26i.2.3. 332. 399. 4be. 597. 724. 865. 1019. 1101. 1345.16b0. 1o1. 187o. 2141. 2442. 2767, 3076. J337. 3662, 3879,40J2. 4119. 4126. 404u. 3884. 37v4. 3508. 3296. 3072. 2140.2o0W. 23,0. 21o0. 1957. 1774. 1610. 1462. lsa. 1211. 1105.IU0u. 943. 346. 777. 715. b59. b09. 5b3. 520. 40.442. 40g. jsu. 355. 331. 309. 288. 209. 251. 234.

218. 204. 110. 177. 166. 154. 144o 134. 1250 117.109. 102. 9. . 83. 77. 72. 67. 63. 59,55. 1. 4d. 44. 41. 39. 360 34. 31. 29.
27o 2, 24. 22. 21. 19. 180 17. 16. 15.14o 13. 12. 11. 10. 10. 9. g. I, 7o7. 6. . 5 . 5. 5. 4. 4. 4.3. S. .. 3. 2. 2. 2. 2. 2.2. 2o 1, t. t. to to 1. 1. 1.
1. to 1. so 1, 1, 1, t, 0. 0,

PEK bod~dR 24-N0UR 72-H~iR TOTAL VOU014

Ct'S 41260 3015. 1061. 62.. 104oi6.Cots 117. 63. 310 It. 2970,
1NCM65 0.01 11.49 11.62 11.62

,0 20u. j91.79 295.06 295.us
AC-fr 1495. 2143. 2167. 2167.

rnJ$S Cu A 1e44. 2644. 273. 2673,

0mLpkU.K~,.h OtT StA i rom PLAN 1, *110 4
4. . . . 3. 3. 3. . 2. 2.
4" s. 4. 1. 2. 2. 1, 1. 1. 1,1. 1. 1. 1. 2. 4. 10. I. 29. 44.ale $I. lui. 1230 145. 165. 1B.. 191. 214. 227.

kJ9. 210. 4*V. 2... 2750 282. 246. 294. 3u4. 327.369. 4J1. i19. o34. 776. ;41. 1124. 1324, 1536. 1749.1956. 417. 24ji. 27#. 3174. 35.4. 3999. 4403. 4761. 5043.3J42. !)55. 5Jo. blio 505U. 4.16. 45bl. 42.0. 399J, 3692.J3vi. st#94. 2.u9. 2544. 230.. 2093. 1901. 1721. 1575. 1436.1312. luo. 1100. 1010. 9M0, 67. 792. 732. 677. 624,
b75. 530. .i. 461. 4 r. 4V2. 375. 350. 326. 304.2#4. 25. J47. 231. 41S. 201. 17. .175. 163. 1W.142, 1 3jo Id4, 1159 1ui. 100. 94. 47, 92, 7.,.
71, oo. 04. ,. 54. $0. 47, 44. 41, 38.30. 33. 31, iv, 27. 45. 23. 220 20. 19,1, 17. 15. 14. 13. 13. 12. 11. 10. 10.
9. i. i, 7. 7. 6. b. 5, 5. S.4o 4. 4. 4. 3. 3. 3. 3. 3. 2.

2. 4. 2. 2. 2. 10 1. 1,, ,1. 1. 11 1. 1. 1. 1, 1

PLAi o-noUk 24-OUR 79-ni(UR IUTAL VOLuiL
CS 5360. 3920. 14U5. b82. 1b3o3.
Ckb 152. 111. 40. 19. 3601.

t4CAL 10.42 14.93 15.10 1b.10
46 4b.61 379.32 383.57 3ej.57

1nMJJZ CJ 14 MSF*,MjAW# O WO UgiRSC. j 3415.
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Hitmi.KAP, Ar 3F.A I FUIR P'LAN 1, krlO b
be4. 4. 4. 3. 3. 3. 3S.4 .4 . 2. 2. 2. 2. 1.1.1 1 .2. ~ .12. d2. Jo. 54.7 . 99 li 1!)2. 17d. 203. 22b. 245. 403. 20.294. J07. J19. 349. 339. 347. 355. JbI. 374. 402.45J. 531. *49. Ile 950. 11 td . 1364. 1630. lw9u. 2153.2410. 2*7'.. J04U. 342.. 3907. 4411. 4922. 541d. b5g. 6207.6'451. b590. uou4. 0404. 6215. 5927. 5613. 5274. 0~14. 4544.4173. 3dos. J4*7. 3131. 283d. 467c. 2340. 414w. 1938. 1767.

70a. 62. euly. 5bw. 530. 444. 461, 430. 402. 37b.3:)0. 340. 30.4. 2w4. 205. 247. 231. 215. 201. 187.17b. lbS. 1ba. 142. 132. 124. 115. 10de 100. 94,d7. 82. 1*. 71, *be 62w5. 54. 50. 47.44. 41. 30. 35. 33, i1. 29. 27, 25. 23.22. 2u. 19. 1w. 17, 191. 14. 13. 13. 12.11. lo. 10. 9. 6. to. 7. 7, be 6.
J.3. 2. 2. 2. 2. 2. 2. 2. 1.

Pe.Ai 6-rioull 24-Hiuk 72-AUURg ?UIAL VOLuAL
cks 00. 4424, 1729. .19 '. 1*7432.CA.I7. We7 49. 24, 4752.I.iC,1cei 14.a2 18.38 16.59 14.59
414323.00 4c..,. 474.0. 472.0d

AC-I'J 2M9. 34k9. 34bw. 34o..Id003 Cu 19 2951. 423j. 427'1* 4477,

h'iUi.JGKAen AT STA I V.3k PLAN 1, K110 a7. 6. 6. 51 5. 5. 4. 4. 4,3. 3. 3. 31 2. 2. 2. 2. 2. 2.2. a. 1. 11 3. 7, 15. 27. 45. 6).94. 124. 150. 1911. 223. 254. 32. 307. 329. 350.3o. J84. 398. 412. 44J. 43,&. 443. 454, We7 502.50. 6o'.. 79-j. 916. 1105. 1.*41. 173u. 2o3.. 2363. 2b91*3013. 3342. 3754. 4212. 4883. 6514. 6154. b773. 7324, 7758.oOo4. 23d. d2651 Novo. 7769, 74V9. 7016. b5103' 6143e 56d0.5216. '160. 4321. 3914. 3544. 3220. 2925. 2660. 2422, 220.io1w. 1847. 1094. 1 t 4 0 1434). 1319. 1218. 112b. 1041. 961.obs. SL5. 7o1. 710, 602. Ole. $77, 5.19. 502. 46b,437. 40w. 34U. 35s. 331. 309. 288. 269. 251. 234.21d. 204. 190. 171. 10.. 154. 144. 134. 125. 117.109. 102. 95. 8o. f63 . 77. 72. 67. 63. 59.*S. $1. 48. 44. 41. 39. 36. 34. i1. 29.27. 25. 21. 22. 21. 19. 1w. 17. 10. 15.14. 13. 14t1. 10. 10. Sp. &* 8. 7.7. b. 0. 5. 6. 51 4. 4, 4.3. 3. . 3. 3. 2. 2. 2. 2. 2.

PL.AI oDL3U.ul 44-dUK 72-uu9 10TAL VULU~t
CS2161. 1049. 209709.

-40R~iJO 171.mC Ol !3.41 .jL %CL W-WJ0 4OHNW O____



di~mwA'. Ar srF. I FuiR PLAN I# krIO b
Do4. 4. 4. 3. 3.3..

s 4. . 4. 2. 2. 2. 2.2..

7 o. 99. lia. 1b2. 178. 203. 226. 245. 2b3. 280.
294. 307. j 19. 349. 339. 347. 356. JbI. 374. 402.
45j. 531. 039. 101. 950. 11:1d. 1384. 1630. 149U. 2153.

241U. 40-t. 3002. 342.. 3907. 4411. 4922. 541d. bd59. 6207.
6451. b590. cav4. 0404. 6215. 5927. 6613. 5274. 4-jl4. 4544.
4173. 3.08. 34*7. 3lsI. g83.. J!0c. 2340. Ili. 1938. 1767.
1014o 1477. 1364. 1.243.- 11'.. 1055. 975. Vit. bi3. 7699
70o. e52. e,9 #. 664. 530. 444. 461. 430. 402. 37b.
3b0. 34.. J04. iw4. 205. 247. 231. 215. 2031. 187.
17b. 163. 16)2. 142. 132. 124o 115. 108. 100. 94.
d7. 82. 16. 71. ob. 02. 50. 54. 60. 47.
414. 41. 3.. 35. 33. 31. 29. 27. 25. 23.
22. 20. 19. If. 17. 16. 14. 13. 13, 13.
11. 1uo 10. 9. 8. do 7. 7. 6. 6.

is 3. 2. 2. 2. 20 2. 2. 2. 1.

Pe.Ai& 6*.ouNi 24-tUUR 72-t4OUR TuMA VOLUME

CS 107. 137. 49. 44. 4762.
r;6ii 14.a2 18.38 10*59 110.9

4A32.00 4cooo 474.0. 472.0i
A-f2392. 34k9. 34ba. 34o..

Id003 cu A ~ 2951. 423j. 4271. W47.

h'IOIUGKA&?n AT STA I fjR PLAN 1, KrIE0 a
7. 6. 0. 5. 6. 5. 4. 4. 4,
3. 3. i. is 20 2. 2. 2. 2. 2.
2. i. 1. it 3. 7, 16. 27. 45. 67.

94. 124. 150. 190. 223. 254. 264. 307. 329. 360.
30b. 344. 39d. 412. 443. 434. 443. 464. 4o7. 502e
500. 6.',. 791. 916, 11950 1,l4a. 1731j. 203.. 2363. 2691.

3013. J342. 3752. '4482. 4883. S514. 6164. 0773. 7324, 7758,
b094. 23w. 42s. Illwo. 7769. 74U9. 7016o 6593. b143. 56W00
$216. '.16U. 4321. 3914. 354i. 3220. 29250 26600 2422, 22090
2(11.. 1847 1.94. 1 W34. 143(30 1319. 12180 1126. 1041. 961.
i46. 815. 7.1. 7103. 6.2. *ISO 577o bsd. 5020 4669
437. 40e. 3av. 355. 331. 309. 268. 269. 251. 234.
21d. 204. 190. ll 17,6 I. 154. 144. 134.9 126. 117.
109. 1042. 95. 8tt. 03. 77. 72. 67. 63o 590
*5. $1o 48. 44. 41. 390 36. 340 31. 29.
27. 25. 41. 22. 21. 19. 1w. 17. Ib. 16.
14. 13. 1g. 11. 10. 100 $0. so 8. 7,

7. 6. .. . 6. 5. . 50 4o 4. 40
3. 3. 3. 3. 3. 2. 2. 2. 2. 2.

2.2. 1. 1. 1. 1. 1. 1. 1. 1.

pe.AA o-AiuujR J4t1O0. 72-duURa IGTAL VULU~t
c i 10 1u.ju 2161o 1049o 209709.

o 171. *I. *941.
U,,AL4~~OUSURSic223.23
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4. .. i° 3. j. 3. i. 2. 2. 2.

0. 0. 0. 2, 0. 0. 0. go 0. 0.

I. I. . . 0. 0. 0. 0. I. 0.0. U. 0. 0. 0. 0. 0. 0. 0. 0.. 0, 0. 0. 0. 0. o 0. 0. 0.1. 1. 1. 2. 2. 2. 3. 3. 4. 4.5. S. 5. 69 6. 0. 6. 7. 7. 7.
7. d. 9. 10. 12. 14. 17. 20, 23. 2b.29. j4. Jo. 40. 43. 47. 51. $6. 59. 63.o0. 07. ad. 1 09. ea. 67* 6b. b6. 61. SW.*o. bi. 51. 48. 45. 44. 40. 38. 36. 34.id. JO. 2w. 2., 25. 23. 22. 21. 20. 1a,17. 170 1o. 1*0 14. 13. 13. 12. 11. 10.10. 9. 9. 0. a. 7. 7, b. 6. S,5. 6. 4. 4. 4. 4. $. 3. 3. 3.4. 4. 2. 2. 2. 2. 2. 2. 1, 1,

1. 1, 1 1, 0. 0. 0. 0. O 0.O. 0. 0. 00 O, 0. 0. O 0. 0.0. 0. 0. 0o 0. L, 0. 0. 0. 0.0. 0. 0. O 0o 0. go u° 0. 00. O U. U. 0. O 0, 0. 0. 0
SIAGE

943.0 'pi.0 'JJ. VJ3.0 93.0 933.0 933.0 933.0 933.0 933.09o3.0 93J.u 131,( 911.0 93S.0 9J3.0 933.0 9 U3.u 933.u 93310933.0 9JJ.U 933.0 1$4.4 93.0 933.u 933.u 933.0 933 L 93J.O933.o 9j3.1 933.1 933.L 933.1 MJ,2 9JJ.2 933.2 93J.2 933.193j.j 9JJ.j iji3 931.3 933.4 9JJ,4 933.4 933.4 933.4 933.4933.* 933.3 933.f 93JJ 933.7 933.9 934.u 934.2 9J4.3 934.59i4.7 934.8 d.0 9,*.2 936.4 9Jb.o 935.9 936.1 93b.3 936.5930.6 43o.7 930.8 Vio.8 936.8 93o.1 93.. 936.5 93b.4 936.29b.1 93b.0 i3s.4 91b.7 93 .S 935.4 93b.2 935.1 935.0 934.9934.d 934.1 134.6 934.5 934.4 03%.4 Sj4.3 934.2 934.2 934.1934.1 1)4.o 934.0 9J3.9 9s3.9 93J3. 933.d 933.7 9J3.7 933.7933.0 933.o 9ji.b V3.15 933.5 93J.4 933.4 933,4 9J3.4 933.3933.3 933.3 ii3.j 9J3.j 933.2 93J.2 933.2 933.2 933.2 93J.2933.4 933.1 933.1 933.1 933.1 933.1 933,1 933,1 933.1 933.1933.1 933.1 33.1 933.1 933.1 933.1 933.1 933.0 933.0 933.0933.0 933.0 913.0 933.0 933.0 933.0 933.0 933.0 933.0 933.0933.0 933.0 933.0 933.v 933.0 933.0 933.0 933.0 933.U 933.0933.0 933.0 vj3.0 03).0 933.0 933.0 933.u 933.0 933.0 933.0933.0 933.0 933.0 9j.io 933.0 933.0 933.0 933.0 933.0 933.0933.0 93J.0 9M3,0 933.0 933.0 933.0 933.0 933.0 933.0 933.0

PEAK JUTFLC0 1S 1644. At TIME 1j.50 i HOLi

P9AK b-HOUR 24-HOUU 72-0OUR IlUAL VOLUME
CF 1o24. 1195. 434. 210. 41961.C AS 0. 34. 12, 6 1 11 k ,j

'i1 3.18 4.59 4,65 4.o5
80.o 1lo.57 118.03 118.03

AC-ei 693. d5o. 867. W7.
fn~jui C4 .4 731. 105o. 1vo9. 1069.

MG .ANC . JMMON Wi WK We,



STATi3N 2, PLAN 1, RATLI 2

6mD-oF-P&R1UU H YOR APH URUINATE5

00 rFL.Ga

1. 1. 2. 1. 1. 1. 2. 0. 1. I.
1.1 .1. 1. 1. 1. 10 1. 1.

1 .1 .1 . 1 . I s 2 , 3 . 5 . a .

13. Is* 2b. 33. 42. 510 60. 70, 79. Be,

96. 104. 111* lid* 124. 129. 135. 139. 144. 149.

158. 171. 19u. 247. 27d. 339. 410. 492. 50. 724.

850. 971. 10o. 1262. 1446. 1647. 1bo5. 2090. 2303. 2493.

2o64. dTdO. 2oto. 2.64. 2604. 2713o 2b9b. 240, 2ijk. 2183.

2027. 1w68. 1712. 150b. 1426. 1j96. 1170. 1074. 99 907.

b30. 7*9. 6O5. 630. 584. b48. 514. 400. 447. 415.

3bS. 35o. 329, 306. 264. 264. J46b 249. 214. 199,

1bi. 179. 170. 1ol. 152. 143. 134. 126. 118. 111.

104. 97. 1. ob. 0. 75. 70. 0S. bl 57.

b3. 49. 46. 43. 40. 37. 36. 33. 30. 26.

2o. 25. 23. 41. 20. 19. 17. 16. 15. 14.

1j. 12. 11. 11. 10. 9. 9. 8. 8. 7.

7. o. Do b, 5, s 4e 4, 4, 4,

. 3o 3. 3. 3. 2. 2. 2. 2. 2.

STOP AGE

0. 0. . 0. 0. 0. 0. i. 0. 0.

0. U. u. 0. 0. 0. 0, 0. 0,

0. U. is Us 0. 0. 0. 0. 0. 1.

1. .. 3. 3. 4, 6. 6. 7. 7.
400 too i lu, 10. 11. 11. lie 12, 12.

13. 14. 1. 1. 20. 24o 27. 34. 30. 41.

45. bO. b4. 9, 64. 69. 75e f1. 07. 92.

9.. 9 IU. 1U0. 99. 97. 94. 91. ob. 64.

80. 75. 7. o7. 63. .0. 56. 63. 50. 41.

45. 42. 4U. 30. 30. 3b 33. *i. 29. 28.

20. 4. 23. 22. 21. 20. 19. 10. 17. lb.

10. 15. 14. 13. 13. 12. 11. 1o. 10. 9.

9. b. a. 7. 7. o. 6. 5. 5. 5.

4. 4. 4. 4. 3. 3. 3. 3. 3. 2.

2. 2. 2. 2. 2. 2. 1. 1, 1. 1.

1. 1. L. 1. 1. 1. . 10. 1. 1.
Is 1. U, 0, 0, 0, O, (O 0. 0,.

0. U. U. 1. 0. 0. 0. 00 0. 0,

0. 0. V. LI. 0, 0. 0, U, 0. 0.

4.. 0 0. . 0. 0. 0. 0. 0. 0.

STAGE

933.0 433.0 933.0 934.0 933.0 934.0 933.0 933.0 933.0 933.0

933.0 vi3.0 9J3.0 934.u i3.0 933.0 9s3.0 933.0 9430 933.0

933.u V34.0 933.u 933.0 933.0 013.0 i33.0 93J3.0 933.0 93J.0

933.1 933.1 93J.1 v33.4 933.2 933.3 933.3 933.4 9J3.4 933.5

933.6 9jj.5 9s.6 93.b 933.0 133.7 9337 9J3.7 933.7 933.8

933. 933.9 134.0 934.1 934.2 434.4 934.6 934.8 945.0 93b.3

93s 9O s3b,3 930.S 93o.9 937.2 ij7.5 937.7 938.0

93o.2 93o.3 03o.4 14*.4 9b.3 930.2 930.1 93b.0 937.v 937.b

9Si.4 .3,2 9s1.% 9j.7 9jo.* 9Jo. 93b.1 93b.0 V35.v 935.b

935.4 445.2 1,5.1 9$5.0 t36.1 '3.8 93Q.7 944.7 934.6

934.b 94.4 4 . AM A -8JO* UENUNGOjM IM 143.1 934.1 934.1 934.0

1 &0



934.U 933.v 93j. 93.d 933.d t33.7 93j.7 933.7 933.o 933.6
93J.5 933.5 933. 933.4 v3J.4 933.4 933.4 933. 933.3 933.3
tJji 933. v3j.i 931.2 933.2 933.2 43j.2 933.4 933.2 933.1
9JJ 933.1 9JJ.l 933.1 93J.1 933.1 933.1 933.1 93J.1 933.1
933.1 9jj.1 933.1 933.1 33.1 933.0 933.U 933.0 933.0 933.0
933.u )JJ.u 933.0 933.0 933.0 933.0 933.0 933.0 933.u 933.0

933.0 933.j 933.u 93..0 433.0 933.0 933.0 933.0 933.0 933.0
93j.u 1.4* j 934.v 9330 933 9330 934.0 9s3.0 9J3.0 933.0
933.0 933.u 933.0 ij3.0 933.0 93j,O 933.0 93J.0 933.u 933.0

PEAK 3UT7 L3 1 i d 4. AL fIlfk 1.60 MoUe'S

i A b-UU" 24-HUUR 72-AUUR TOTAL VOLUME
4w5 JdS4. 2099, 75 . J0. 73424.

Ce,> al . 59. 21. 10. 2079,
1.4cne.b S.bd d.03 4.13 8.13

A 141.70 203.97 20,.53 206.5J
ACoi 1041. 1490. 1517. 1517,

rNJUS Cu m 1284. 1w44. 1871. 1071.

STkrzjN 2v P64M 1, WIUL0 3

LU-Uf-eLRIUU HL)RJGkAPh 001D4AILS

JLJLFLOw
1. 1. 4. 4. 2. 2. 2. 2. 2. 2.
2. 4. d. 2. 2. ?. 1. 1. 1. 1.
l. o. 1. 4. 1. 7. 2. 0. 1. 12.

Ia. 20. jb, 47, Ol, 73, Ob. luO. Ili., 1260

1J3. 1. li. 169. 17, Iwo. 193. 20j. 212. 222.
2J. Jo. Jibe 344o 409. 492. 598. 757. 915. 1076.

l14o, 1431. lot*. 1633. 20V2. 2j7 . 2700. 3029. 3335. 3.12,
j331. 3907. ju74. 40o0o 4uS. 3d71. 3702. 3511. 3304. 30b9.
20b3. 4oJ5. 2417. 2J14. 2017o 1833. 1.69. 1522. 1367. 1264.
11j3, lo9. 979o M2 djo. 764. 704, 650. 600. 5600
51i. 49,. 4.1. 440. 401. J15. 350. 326o 304, 294,
265. 247. 231. 1150 2010 1900 1.1. 174. 162. 153.
144. 13o. 147. 119. 112. lob. 9. 92. 66. ale
75. 70. ob. 61. 57o 53. boo 47. 43. 41,
3. 35, J3. 310 49. 27. 25. 23. 22. 20.
19. Ii. 1o. 15. 14. 13. 12. 14. 11 10.
9. . d, 0 7. 7. 6. 6. S, 5.
5. 4. 4. 4. 40 3. 3. 3. 3. 3.
2o 2. 2o 2. 2. 2. 2. 1, 1, 1,

STORAGE
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 00 0, 0. 0. 0.
0. 0. O. 0. 0. 0. 0. 0. 1. 1
1. 2. J. 4. 5, 6. 71 8. 9. 10.

It. 14. 13, 1., 1!. 15. 16. 16. 17. 17.
1w. 19. 21. 24. 27. 32. 37. 42. 48. 53.
b9. 64. 0). 74o $to dYo 9). 104. U11, 117o

192. 12o. lid. 12w. 1b. 1230 11s. 11b. 111. 106.
100. 9*. 93. b4. 79. 74o 70. 66. 02. 59.
bo. 53. Du. 47o 45. 42 t o. 39. 37, 35.

33, 32. 30. W e2 JONNW AMONUTA X4. J. 12 21.

! "t ... .



3. .s. 37. 2*. 1.5. 14. 2. 12.

0. 0. 0. 0. 0. 0. 0. 0. 0. 0,
0. Go 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. U. 0. ug 0. 0. 0. 0.

STAGE
933.0 933.0 933.0 933.0 933.0 933.0 933.0 933.0 933.0 9300
933.0 933.U 933.0 933.0 933.0 933.0 933.0 933.0 933.0 933.0
933.0 933.jI 933.0 933.0 933.0 933.0 933.0 933.0 933.0 93.1
933.1 933.1 933.2 933.2 933.3 933,4 933.4 933.5 933.6 933,6
933,7 933.b 1)33.b 933.9 933.9 934.0 934.0 934.0 934.0 934.1
934.1 934.2 934.3 934.4 934,6 934.0 93b.0 935.3 935.6 936.0
936.3 940.5 l3a. 937.1 937.5 Ws.6 936.2 93b.6 939.0 939.3
939.5 13l.6 939.7 939,7 O939.1 9391b 939.3 939.1 930.9o 930,7
93b,4 103b.2 43119 937,6 937.4 9j7.1 930.9 936.7 936.5 930.3
93b.1 935.1 13b*@ 935.0 M35b 935,4 9*5.2 935.1 935.0 935.0
93409 934.v 434.1 934.6 934.5 93%.s 934.4 934.3 934.3 934.2
944.2 V34.1 934.1 934.1 934.0 93490 933.9 933.9 933.. 93318
9J3.7 933.7 *33.l 933.b 933.6 933.5 933.6 933.6 933.4 933.4
933.4 i33., t033.3 933j.3 933.3 933.3 933.3 933.2 933.2 933.2
933.2 $33.3 933.2 933.2 933.1 933.1 933.1 933.1 933.1 93J.1
9p33.1 933.1 933.1l V33.1 933.1 933.1 933.1 933.1 933.1 933.1
9033.0 933.u '33.U !033.0 933.0 933.0 $33.0 Mo3o Mo3. 933.0
933.0 933.0 933.0 V33.0 V33.0 933.0o 933.0 933.0 9J3.0 933.0933.0 933.u Jjj.u i~i.o 933.0 1033.0 933.0 933.0 $33.0 933.0
933.u to33.0u V3. 0 9$3.0 933.0 i03 3.0 93i.0 933.0 933.u 93390

PkAK Dufa 16 40.0. 47 11IME lj.bO m00,hS

VL~AK QonUUN 4-muI 72-HUU~R TUTAL VULUKL
cis -0o) 3u02. 1079. 5ib. 104901.

CS 110. 65. 31. 15. 2970
1,4Ct1 7.9.v 11.47 11.62 11.02

Al203.68 291.%2 396.07 29P5.07
AC-Fr 14,. . 2141o J107. 4167.

Irt~J6 CU A 1.36. 2o0. 2603. 2073.

bTAI1uh 2, PL.AN 1, MATIO 4

E&*D-0f-PEklU0 ad0IR)GiAPd URD1NATES

OUIFLD.
1. 2. 3.2. 3. .3 3. 3. it
3. 3 2. 2. 2. 2. 2. 2. 2. 2.

d4. 34. 47. 61. 78. 95, 112. 13U. 147. 163.
119. 19J. 21j. 2.0. 243. 255. i165. 373. 282. 293.
3:1. 340. 3db. 44b. 63. 60b. 835. 101:0. 1224o 1449.
1*6 dca. 145. 2,00. 214d. 3149. 3b46i. 3966. 43b3. 4803.

6105. tbi93. tbS 4. tolk. !6163. 449bS* 4742. 44759 4237. 3985.
3103. 3'40d. 3124. 3.41. 2566. 9300). 2165. 1963. 1IM. 1633.
14tt9i. 13bo. 135u. 11465. 1060. 9bi3. 910- 842. 778. 719.

00. b14. bov. U~SANO JowU.ENWWEEfift 44b. 440. 393. '67.



343. 341 . 2,. 27 . 201. 443. 247. 212. 19b. la8.
179. 1b . LoU. 131. 142. 131. 12b. lid. Iiu. 104.
97. 91. V5. 79. 74. 09. 65. bu. 5b. 53.
4v. 4t. 4j. ';u. 37. ji. 3;1. 30. 2 u. 25.
,15. 23. 41. 2,j. li. 17. 1b. 15. 1,4. 13.
14. 11. 11. 10. 9. 9. 8. d. 7. 7.

b. . :. 6. 5. 4, 4. 4. 4. 3.
3. 3. 3. 2. 2. 2. 2. 2. 2. 2.2. 1. 1. 1. 1. .1 1 .1

5TuRAGt;
0. 0. do u. 01 0. 0. 0. 0. 0.
0. 0. U. u. U. 0. 0. 0. 0. 0.
o 0. U. 0,. 0. 01 0. 1. 1.

4. 3. 4. 5. b. d. 9. 11. 12. l.
15. Io. 1.7. Ia. 19. 19. 2u. 10. 21. 21.
22. 24. 40. 49. 34. 49. 45. 51. 5d. 64.
70. 7,. u2. 09. 98. 107. 110. 125. 134. 140.

144. 14o. 17. 147. 145. 144. 139. 130. 131. 126.
119. Ili. 10. IuO. 94. dt. V3. 7b. 73. 69.
bb. 04. to. *b. b3. S0. 46. 45. 43. 41.
Jv. 37. 3J. J4. 32. i1. 29. ad. lb. 25.
24. 23. g2. 20. I 19. 1. 17. Ia. 15.
lb. 14. 13. 12. 12. 11. 10. 10. 9. 9.
b. 7. 7. 7. a. . S. 5. 5. 4.
4. 4. 4. 3. 3. 3. 3. 2. 2. 2.
2. 2. 2. 2. i. 1. 1. t. 1. 1.

. 0. 0. u. 0. 0. 0. 0. 0. 0.
0. O. 0. 0. 0. 0. 0. 0. 0. 0.
l. (. 0. 0. O. Q. 0. 0. 0. .

STAGE
933.0 933.o 943u 93J3.0 933.0 933.0 933.0 933.0 943.0 933.0
933.u 9.O 9J.u 933.0 933.0 9j3.u 9J390 933.0 933.0 943.0
933.u j 1.0 9j1.) 933.0 933.u 9JJ. 93.0 9O3.0 933.0 933.1
9M3.1 93J.2 93J.4 93j.3 M33.4 93J.5 933ob 933.7 933.4 933.d
933.19 934.0 93-.1 934.1 934.1 934.2 934.2 934.2 934.2 934.3
934. 934 .4 9J4.5 934.7 934.9 93s.4 935.5 93b.4 936.2 936.5
936.9 9J7.2 vJ7.5 937.9 938.3 93a.7 939,2 949.6 940.0 940.3
940.t 940.b 940.o 940.6 94U.5 940.4 94U.3 9*0.1 949.9 939.6
939.3 939.0 9J3.7 9*4.4 93a.1 937.v W37.b 937.3 937.1 930.9
930.0 93b.4 93o.2 930.1 935.9 935.8 935.6 935.5 935.4 9J5.3
93*.2 945.I 93:.0 934.9 934.6 934.7 934.7 934.6 9J4.5 934'5
934.4 934,3 94.3 9j4.2 934.2 934.1 934.1 934.0 934.u 934.0
933.'s 93.9 933.8 933.8 9J3.7 933.7 933.6 933.6 933.6 933.5
933.5 933.5 933.b 933.4 933.4 933.4 933.3 933.3 933.3 933.3
93J.3 ij3.2 9JJ.2 933.2 933.2 933.2 933.2 933.2 933.1 933.1
933.1 933.1 933.1 933.1 933.1 933.1 933.1 933.1 933.1 933.1
93311 933.1 9j.1 9330. 933.0 933.0 933.0 9j3.0 933.0 933.0
933.j 933,0 9j3.0 943.0 933.0 933.0 933.0 933.0 933.0 933.0
93j.u 933.0 933.0 9Js.0 933.0 94S.0 933.0 933.0 933.0 933.0
933.0 933.U 93j.o 933.0 933.0 933.0 933.0 933.0 933.0 933.0

AK aurFbu 15 53b4. AT fIAk 18.2b doukz)

rp 6-UuK 24,r tuW 72-AUU XOTAL VOLUXE
CFS 5J. 3900. 14u3. o*2. 13o369.

r'a :iTC. Ill _0 5
luch f -W jOM - j 15.1U



ri42o3.o4 3 7 d 5 JdJ.5d 383.6.
AC-Ff 19O3. o 27is3.1 4eld. '4816.

f41JUS CU A 2J89. 3432. 4475. 3475.

SIAIXN 2, PLAN4 1, RAtIU 5

EHiU-0F-PRIOD HYDROGRAPti QkDI.AUES

OUIFLUW
1. 2. 3. 3. 3. 3. 3. 3. 3. 3.
3. 3. 3. 3. 3. 2. 2. 2. 2. 2.
2. 2. 4. 1. 2. 2. J. b. 11. 19.

'49. 42. 57. 75. 95. 117. 138. 160. 1et. 205.
232. 254. 214. 290. 305. 317. 32k. 33d. 346. 3.1.
.u3. 419. 474. 651. 688. 4561. 1040. 1207. 1641. 1802.

2u7j. 24J9. 2032. 249921 3410. joid. 4394. 5051. 5597. 6019.
b321. 0522o us98. 6633. 6339. 6012. 5777. 5459.o 5121. 4773.
4431, 413b. 3814. 3462. 4171. 2d44 2biv. 2391. 2109. 1999.
1846. 16lo. 1534. 1407. 1293. 1109. 109V6. 1023. 951. 884.
0 lb, 753. 697o 64. b02. 3b5. 536. 606. 477. 447.
419. 394. .s67. 3ii. s20* 2909. 279. 201. 2443. 227.
212. 19i. tilde 179. 109. 160. 151. 1420 134. 126.

o*o. bo 54. '49. 46. 43. 40. i7, 350 32.

16. 14. l3. 12. 11. III 10. 9. 9. 8.
be7e 1.6. 6. 5. 5 .b 4e 4,

4. S. . 3. $1 4. 2. 2. 2.

STC'AGC
V. 0.0.0 0. U. 00 U. 0, 01
0u0. . 0.U. 0, 0. 01 U 1 01
U. 0. 0.e U. 01 0. 0. it 1. 2.
2. 30 be e. 8. 10. 111 13. 15. 17,

1b. 19. 20. 21. 22o a.* 23. ;940 24. 25.
46. do. 31. 3b. 40. 46. 62. 69. ob. 74.
el. @b. 9b, 103. 1130 123. 134, 144. 160. 155.

Isdo too. 1.1. 1*0o. 168. 1D5. 152. 146. 144. 140.
is. 129. 122. 114. 10. 101. 9*. 49, 84. 79.
74. )to. 00. 03. $9. 07. 54. 51. 49o 47,
,*4. 42. 4u. 34. 37e 3be 34. 32. 31. 29.
4b. 20. 2:1. 414. 23. 22. '40. * 19. 19. 18.
17. 1o. 16. 16. 14. lie 14. 12. Ill 10.
10. 9. 9. b. 7. 7. 7, b. 6. 5.
b. 6. 4. 4. 4, 4, 3. 3. 3. 3.
'4. 2. J. 2. 2. 2. '4. 2. 10 1.

1.1 1 .01 0. U. 01 01
U.0 0 .0. U. 0.0 0. 0,

0.1J 0. 0. 0. 0. 0. 0. 0 0.

5TAGE
93300 t#33.0 933.0j 933.0 933.0 to33J. ( 933.0 933.0 933.0 933.0
933j.0 93.. 933.' Si%.o !033.0 V33.0 93J.0 933.0 9si3.v 933.00
033. 0 JJ3.0 134 si 933.0 933.0 9033. 0 911.0 933.0 933.1 933.1
933.1 V43.2 3J.3 933.4 933.5 Iij.0 9J33.7 !03318 933.9 934.0
934. 1 934.d iJA6. 2 1.3 '934.3 43.i.3 3m4. 4 iP34.4 V34.4 914.4
9J4.6 :tso 9*. 7 OV"WMDJ9U@yANJhiEMgM 9 3b.9 93o.3 9.s*. 937.1

'-'



937.4 I31.d 93d .1 9340.0 vj9.0 9J9.5 940.1 940.5 940.a 941.0
941.1 941.2 941.2 941.2 941.1 941.0 940.9 94o.7 940.5 940.3
940.1 439.d 'IJ.5 939.1 93a.d iJ .4 930.1 937.9 9J7.o 9J7.3
937.1 93f.v 93o./ I 3o.t 93o.3 93o.1 930.0 93b.9 935.7 935.b
33.3 '.2 935.j 9b.L 935.0 3J!.u 934.9 934.d 934.7 934.7

9..0 13 4.D 9J.. i 9J4.4 93-6.3 134.3 93%..2 934.2 934.1 934.1
934.0 931.0 134.0 3.i 933.9 933.d 933.8 933.7 933.1 9J3.b
933.o 9JJ.o 93J.5 sJ3.3 933.5 943.4 933.4 93J.4 933.4 933*3
943.3 933.3 93J.3 933.3 )33.2 934.4 133.2 93j.2 93.2 9JJ.2
933.2 933.1 93s.1 9iiek 943.1 933.1 933.1 933.1 933.1 933.19jj.1 933.1 9J3.1 934.1 933.1 9J3.1 933.1 933.0 933.0 933.0
93J.0 933.u qj3.u ,33.0 933.0 933.0 933.0 933.0 933.0 93J.0
9JJ.v 933.0 933.u 9JJ.q 933.0 93j.0 933.0 933.0 933.U 933.0
9J3.0 933.0 93.0 ) 3JJ.0 933.0 933.0 9310 9JJ.0 933.0 933.0

PEAi% jurFL~a 1S o59o. At f1mF 11.25 IHuilro
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STABILITY PROGRAM (HP-97)

[ CALCULATOR PRINT OUT

RESERVOIR ELEVATION M. Z

I [. Water Pressure . vt:

Moment Arm * . *ti

Hydrostatic Uplift Pressures fit* *
Moment Arm : 0 t

Active Earth Pressure i.?.ts.
Moment Am . e

OVERTURNING ftMNTSS

I; Moment Arm ".

If r~~ca Load ; ? .

Moment Arm -

I; -Seismic-Inertial Force .
L[ Moment Arm

Seismic-Hydrodynamic Force .
Moment Arm 4'#f

• Weight of Concrete .,
~~~~~Moment . -. ,t .

Ul RESISTING MOMENTS ::." ,,,
Passive Earth Pressure :.' f

, Moment Arm

j Sum of Resisting Moments " *,jr
Sum of Overturning Moments "

Safety Factor-Overturning .ro

Eccentricity -:. Eu

Safety Factor-Sliding8: 2



I Normal Pool Normal Pool Normal Pool
1/2 Uplift 1/2 Uplift 1/2 Uplift and

and Ice Ice & Earthquake

933.0 933.0 933.0

I 7.50 7.50 7.50
5.2 5.2 5.2

5.37 5.37 5.37
14.8 14.8 14.8
0.75 0.75 0.75
2.8 2.8 2.8

0.00 0.00 0.00
0.0 0.0 0.0

0.00 10.00 "10.00[ 14.5 14.5 14.5

0.00 0.00 3. ,1
6.1 6.1 6.1

0.00 0.00 0.79
6.4 6.4 6.4

31.44 31.44 31.44
14.6 14.6 14.6

L 1.30 1.30 1.30
1.1 "1.1 1.1

459.2 459.2 459.2
120.3 265.3 289.62

[ 3.82 1.73 1.59

-1.90 3.65 4.60

153.25 21.83 17.72

IH

I Ii

II°
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Normal Pool Normal Pool Normal Pool
Uplift Full Uplift Full Uplift and

and Ice Ice & Earthquake

933.00 933.00 933.00'

7.5 7.5 7.5
5.2 5.2 5.2

10.74 10.74 10.74
- 14.8 14.8 14.8

0.75 0.75 0.75
2.8 2.8 2.8

i 0.00 0.00 0.00

0.0 0.0 0.0

I]14.5 14.5 14.5

0! .00 0.00 3.14
6.1 6.1 6.1

0.00 0.00 0.79
6.4 6.4 6.4

[1 31.44 31.44 31.44
14.6 14.6 14.6

11 1.30 1.30 1.30
1.1 . 1.1 1.1

jj 459.2, 459.2 459.2
199.74 344.74 369.06

[ 2z3 1.33 1.24

-1.43 5.57 6.75

fl52.71 21.61 17.54

-[I
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1/2 PMF 1/2 PMF
1/2 UPLIFT 1/2 UPLIFT +

IIEARTHQUAKE

939.60 939.60

H 13.9 13.9
6.4 6.4

I 7.65 7.65
14.8 14.8

ii 0.75 0.752.8 2.8

14 0.00 0.00
0.0 0.0

Ff 0.00 0.00
14.5 14.5

0.00 3.14
ri 6.1 6.1

0.00 1.34
i 9.1 7.4

rI 31.44 31.44
14.6 14.6

1.30 1.30H1.1 1.1

h459.20 
492

203.74 232.9

2.25 1.97

0.34 1,58 -:

1 27.58 20.65

[1



-LL UPLIFT FULL UPLIFT +
R EART£HQUAKE

939.60 939.60<I
13.9 13.9
6.36 6.36

15.31 15.31
14.8 14.8

1 0.75 0.75
U 2.8 2.8

[0.00 0.00
0.0 0.0

0.00 0.00
14.5 14.5

0 .00 3.14
6.1 6.1

0.00 o1.34
9.1 7.38

31.44 31.44
14.6 14.6

1.30 1.30
1.1 1.1

459.20 459.20
317.08 346.25

1.45 1.32

2.29 4.10

27.18 20.35

till2



IPmp PMF

1/2. UPLIFT !/2 UPLIFT +I EARTHQUAKE

04.0 04.0

16.1 16.1
6.54 6.54

8 3.45 8.45

0.75 0.75
2.8 2.8

0.00 0.00

14.5 14.5

0.00o 3.14

6.1 6.1

o.0 oo1. 54

h 10.0 7.53

31.44 31.44

-14.6 14.6

1.30 -1.30

I Ii459.20 459.20

232.47 263.3

~ij1.97 1..74
1.24 2.57

23.65 18.18

Ir



PMF PMF
FULL UPLIFT FULL UPLIFT +i [ EARTHQUAKE

K941.90 941.90

16.1 16.1

6.54 6.54

16.90 16.90
14.8 14.8

0.75 0.75
2.8 2.8

0.00 0.00
0.0 0.0

0.00 0.00
14.5 14.5

0.00 3.14
6.1 6.1

0.00 1.54

~ II10.0 7.53

31.44 31.44

14.6 14.6

1.30 1.30

lip1.1 1.1

459.20 459.20
357.53 388.39

i 1.28 1. 18 ..

4.11 6.23

23.27 17.88
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-y; v-

Wch Gr-.Pa JUliCo Cccny

Brco.Frijr Co any
?Nlis Factr

Bocton Fr3IQvvia- Con-rzy, Ic.

I Whi::o tIh op~ o in ir otor. up to doato Ias i:2oro~d at l~

rato, tho us* of -wca.,r 2iaa inoroiecod rapidly due to indi:tr~..ida Tho

* ~dotaileofc 'vatar a ut.r nd consuzption ai'o Sivor. n Sects. 5 and 0.

rho 1!~1ev of Portlani, aicCcont to tho V5.lafr- on itl:: vyear, wi~th

a nopulaticn o;' abov; 000 corscnc, dc o-..os -'-o o*L,',ain a %mt up.71y. Tho

oll le-vical p1coa !'forxn to obtein rntcr wvould be from Broctcn. If

flrcctui s'hzuld d-OJb to fuihPcrtl-3nd v~itllh vator~ for and riro

prtoion purincoo :nly, th? Luttro oatiratod, popmlaticn o-, 2.0 p:On

[ should be amia :o cnvar both com-unitios for nor timn, in tho V'aturo.

Tho proson, -so,;roo or wator uupply for Brocton is vary lirn11od.

Sharxftcro, so *-c,, a,3 th3 present aourco is robainod ae s only Socw"-oc

ira -r Cup?1y fotwIha Viilla'o, no cu~c!:&rtiol cadditional consuunrs of wto

L ohculd 'be QflcouragCod or perpitte-d to loato in cr near' b Vila wh-3ro

f1 i~iihoy -iuld be doj ndnet zpc -)v Vilae eyetcn(r tr
~~~.c AUs3r for %taiator.o

JI ?k oririnal iiatoar -.,orks oystomn of t8 Villa.-* wet built in I

1.6 a nulicipal witar-priso Tho sourcao f wtor0 suipply was frc.m. tha conta

Fbrawh of Sli,)ry io~ Craeke: A szall ir.9cundin3 cot den -acns rcce

[I ew~c-roar the~ couth brazt-h of' -Ww stream a (a;: huzidrod, To atbovo c.Oit, ~

of b13h South a.rd oa--: brantiiovo of t-e str'eam, fc.rai*n iwa l a-,th

[II Ra~ sorvoir? A* 'hor zrn'a- lr rosrvo -r I2 rma bilt on a tributary c-*woaxn



I r , trom .s ' ..-. wir ort

piprs :lina to tha lco.:or ros3r7olr, throu-.'* a 12-Inch diar-vr cast ircai

Ipipe *Iino to th-u diztrilution Grt'M -.*.n tho Vilet. Tlho pilo lino from :..-

B urr Rocorvoir to the distritbution rwaorvor im-a so oxrra-"Sad that th-3 div-

tribte;ioa racc-rvoir could bo by-paosood and -tmter Loit dfroctly to th3 di--Ii tri.btr-on syston £xrf the Burr ro.coriciro A :ma briclc v*N!vo *.outc;,.
locatad on tbo 12-inch supply main to the Vil logo abzub COO eoe-4 beloi- th;o

Iditibuion rasorvoir. This vc1vo house Yma lat-r used as a Ohlorirx~tion

Th* darond for i~-,cr iu the Villo coonx oxcoodod the' yV.Old of

I ~vnmbor from the south branch of' the somso mr. C-iciao t'i cao iron

liu* -.a laid fron -0ho !3iSerr Poacrvoir up 1464' 3oct branch of 14hi strar, a

di.swace of about .4-00 ft. %*.wrco a avall irtakco d'.AM .*s inatal:.Id so that

wactor ooaild bo &d-.u from t?* o:tst brezh. The dry =ssthor yiild from both

brancaioa of the ztrnar.. provod inadoquwite to tnoet t h donmand. in 1916 n.p~li-

j ocation wan mae to ';ho New Yori: State Concorqation Cormiasjon to divort -it-t'r

:'roaEoir La~o. This application va doniod. Thsroi'oro, in 1013 ctrp-,l:.ca4ticr

I. w~a mide *to construnt a d=n cii th't eait branch of Slippery RccI,: Creek~ rnour

the. Oita of One Onall intakeo Otrecturz, so as to form or. ~nirpnwU re:;rvoir.

on this brgnoh of the str-.Q. Tte sp1licaticn -ime approvo.d =nd the drt was

wnV.-ructod in 1918, forning what is 'ow= ac the ialoy Roscr-,oir,

During~ tho sovaro drotuCht ori. th~o ary 193a he soco of c~:~

from 3lippery Rock~ *Jrcc'z proved to b:) catiroly inadoqueto, and in 1954i it

1ws n~csary for thio Villago to install a pipe line and a purinG stelion

~~ I to puryp wator from sr Lakc3 to the Brocton ~7trSupply to prE)7Oft a -I:u

p -tt) depletici of --ator ztorcd inl th Burr 3n Ris~oy ruaosr7o:.-se



o~cr lCQ1 allo~n:; p=-- r ~iI ir, p.: &ff.cclly th.3C~ cis ;rnoa

izy cunoa'.tion, At tint dato .Th.o Groaos': coosuic- io.8 'by tlho fcod1~~

grL s processirt; ccmpanioas It hs tb i statorl tha t durir.a Av.:ust tndSpt..

ber 1934, althweh tho dcn..stic cz.rn1pti*-i g reatly rosltr(~cod, tho

evvorcio domwd -.= in~ oroocz of (iC'),C3O ~C.alon por day.

U ITIn 1,334 -.pplication waa mc.cdo Iwo tlho StaMU War Por.-.o and Coatrol

Commi..sion tcr uppicval or' a oupplowntal supplyr of wator Z'ron. 'rl.01c

IL c~liot cn as; ap-rovod loy th* Ccizsion so, in 1935. e,~ toci; wello

u o~so dzillod. IUoaw of -4h3 toct volIs prow.d caticfaotI-Or?,. Aft-.r thic :Vail-

ur apIa )~ rada to bha co~iczion to inctall porranert Worl.,s for

Ipwtpint; viatr frc-. R~ea~r Lsfkc dvrinS vperiods oL drou~hl.. ,ormcso

approvod th: OPP11iem1.4on vr-h 0Io c~i1vatiou that Ishg %Ti*. rLv7ml o' -aatwr

[ fro-, Boor Lu'ct accld L~e lim.ited to uuo ac a nupplozenotal supq.ly &Hvr in.

[ ..pQ3~iC~d3or dr'oujh' only, =nd that tho udiv.~ t'ral clhld zot co'

LUl milliou (yaloaa in any Qoz day. T.,, 1936 Or 1937 the lVilla~o install,04

th* racoseary pip* 1incs and p-'i-pin-, station ':-o ptvnpm -.rtor frrm Boa.r Lae

i:~to tho Ststbr3r:h of Slipp:-y Rcd'. Crock a73ov0 tlv Risloy Ro,rroir froz

Nh~Ich point 114fcsinto the rocorvoir an sdrx.:rn offr irnc thi -vator -_!z-

I ~~ tome, -

h Nit thc adveoit of the uno of rator from !oar Lsr, which is of~

F11 p~~oO? ouality lue to iit-a hiGh or,-,=-c oontoat, and daao dt.o -to th e norcl

comlaint. of' turbid wator from Slippory Rlock Crookc afteor hoevy rains, tho

Villlaga approveod tho installabion of a f'iltration pla.nt on t1.o sup~ly sy'-

ita 1935. Shis pltuat was ":uilt i;n 1-7 u-th Ux2 aid o~f a gra:Ll ur4hr th-

I Ilk ?doral Public W As inictration. Tho flltrat.n plant ccusiuts or~ a-

_-~ r ri::i23n- *,z, ~.~:~so t-.-o raz-A :n-d i4.4 :oc c±f



Tho yenorrtl 91i of tho Glippea ' Cell: Cr~O'g MIpply ryton,

w filtraticn pla~nt ard intorcou~nvotinG pipinr. isz l o.m on Kv'; III*

~o pIn 1142 ho~ivy ra-Ins cau.-od tw *.=;';or lovel of Boar filko to rico to

-40o pintthat it ov~rflorcci 1*o dividu' and discharrd tho vilood natar into

W=o oast brach of Slippory hec'c Croc: abovo tOhv Plislay roservoi.ro The floed

11 v nto:' arod-ad tho soil ulo=rG its cows*~, virngin out a ?c7n hi4hvoy, Ond do-

pooibod tho bulkc of 1ho orcc!.3d mttorials in the Rticloy racorvoir; thoroby in

it "Mr. hours doplotin-; tho storao o paoitj' of tto rosor1TOir to a poin', w~hich~

I ivould .mvo reqirod mjaoral years of n sm~ iltir.- from tlio ilood flowis of

Slip~'pry Rcook Crok

I Tho d~~qkVton ot tho a torago capacity of tho Risloy r: sorvoir.. plu~s

the lax~ yild oAr Sli,;*ry R~ock Cres1 during tho past tow yoro ox" drouj1rb,

rzckoo it ir~parr...tivei that th.) Villago ot-tain ad~itiona1 aborago cataty if' the

[ clonand of the Villsgu for w. jor is to be ralot during porioda of drought withxut

v -:cooeAn tho maxiyrzi allocition of 1.15 zilion gal~lons per dayfom 2 aLk.

4 . Dser;toion of 7Wcutor Supl Syston

r..Filtrat ion P1c-,t

Tho va~or ~tiMon plceit isz low~tod on tho oQ-ut si.do of Slippor
A~* rokabout SOW,~ foot n ort ottvBr thovi.-'-ich pint is abcu

'U 1 1/1 -ilss svc.t i of the Villap, of' Broctci. Tha plant vmas 1-,uilt in M-1?.

It acavlsts or an asratar, a chonmi-al T iia bazi t, tao ooaplaticn bcainu,

tc rqtx-_d cand £5terv, and tin unzngrcsvnd filtorod wntor tcrap rosorvoir of

IL~ SO a-11onm capadity. At 1W~r stcw_-iard r.;to -at 2 j~alloaz por inix por

Iii~cquara foot; of fitor rc-fan, th3pl has a capacity of 1.2 million galloais

Ir1w Cd3. Tho oporain0 1xv.11 o'.: the Z.114ration -oe ic nt o1'rvaton 01.00.



Tito B~urr !=o:44-o r: t3lo no-z:h fcricc l~ yRo

1 (Jo.* ab 3 out t foot :m th ' h c.-mflaco e itho :ouh for:~ aun cast f:,O-

I ~ o the Crockc. Tho Ros-.rvoL- is romrid by in oarth ozbtn%1 eoa o t*.-.o

1Th4 a'rremmi Iwo boca dJivorod co that it flcwi on solid chalu roc!: alomr, V.0 e~

rvid3 of bho rocror und ovco' a ftll W,-: -tho ori,3inn1 valloy juz*. b1cr W,,

dc.x Wftor is fadI fr., tho tr ma into tho mrvoir et tho uppz-. ond o:' ?ho

~jIr~cervoir. By divort ive the ccurso of t%2 strmu evor tho clhu1o codrock, no

rspill-ay is i-cquired 1.rough t1~o ozeh m'o .

Tiho reoor has a ratod storupo ca oi';y o!' 8 million a1cm. T'-

Inorva1 vator leval in -4ic .-ocorvoir is at olovatioa S72 Tho tou~jA' f orc )f

Slipor Rock' Cra^.% iui cp.-±-n fod. ?he ..rrain of '.'.f waterhud i-s cud'. t:hat

I L ~to ao~ arfl~xoo Tor:' littlo silt d1urJr-.; fro.-hata. Tko -mtor lu of cot qa~

; iy
v. Ri.clay ReqoO7o0,r

FTho Risley :oavoiz' is locatod on tho umat brunch~ of Slippoy"ct46

I £Craqc ar.ut 1700 foota~bov. the confluiouca of tho act-th for'- ard oact foe,. of

I I t!o Oroo This poin'. is atout 3400 foot cast of tba Burr Roser'7oir. Thni

I cribin of tho rrcor-oir i: nbcan on PIWVo I ani '_116

Flt Tho rcasrvoi. iu fo.::cd byra u built aurvas the vrloy of Cm~ Otrt.

'Thc d=m is of earth vith cm conoroa core w~all rand concrito spillway. M au hiZ

-ba:S== t and core !,~ s "2.5 fee-% in 1on.-th and 37 foot in e:hft =iasurad

~ [1 fI-= the lax' Point in luhe valloy to the top of tilt dmr. Th3 opillway ic on

j ~tio southz end of tho ~n It is 50 foot in Width irozu"ad along t'o ccntci 1.n

Hr 1W1 A-m 11 ~ila rlatcaa uvriihtoc.v.r ftesd

vei' LA vallay and -dicira~ inIbc the stra",r j-o3tV balmw tho too of the damn. ti

-J l.-~ izw-tor :!.,st i,cn out13:; o~.ru Una lcocc at -boub V-4nd~ poiai; of



Ii ~cenoroto vnlve d1xubc*.-' in lo-cz.;)d In tIA o ^6 tb d. i-Iu

[ eact iron rpply lizi: from 'iio dam is connacted bo the 16-inich dicator au,'J."W

in th outlet chambar e. thi oubaiia too of the d~o

I.Tho cri~in, . ovortlo, olardtion of thes o911.wn'; 'as 1032.67. h
hs;tof crest of L~a spi11wap his batn raiced 13-irchoo in racont yoara*

Tharetoro, 1v* preooarl ovor.'loax olovelion of tho apilly:ay is 1033.95. T!h3,

of thu* dam is Ab coiatLcn 1030.0.

Tho crigiuel :itorar~o capacity of t~rA rorvoir is reputod -to M7c

toon 16 million tT:&2s.U~n- tho original coe~our vap or tho roarvoir fui.

th.o pozentfl crest oi' th3 spillwaIy, wea computo tilu or-_ inalt ater-qo caroaity '.o

Ibe 1-0.5 ic ~il 6.cuu. Vi~o p3o ctcrap capacity is ostimi~cd to ba 3

r-illion Zu~lonoo T1uroforaj, silt depccitad in t:* rorvoir aroj6 Mc diplj4.d

th3 storajo on-pcity by 11.5 mi~llion jealloflh. or 79 parccnt. W4. esbimato tlwuv.

I 861,OCO cubic yards of mator.'.al will have to bo romoyod A=o the rosorroir arna
to roctcro it to its original oapaiy

do SuR- Liv Lines

On Flat* i 135s hown tho 1ocations' of' tio Filtrtion Plant, tho

Svx'.' Ilovrvoir, tta Ricoy Pcosorvoir a~nd tho comioctir.g pips 1ino.

As will bo inoboi1 on Pl1at~o 11, tixi pipo lineo; cre, so ooninoctod 04~

wx~'r fromi the ARic1e? Rocorvolir can be od into tho Burr Rasorvcfr, then fron

tha Burr Rcorvoir to tho Filtration Plat, or it can be fad diroobly to the

?Iltratica Plant from a ither tk3 Bv'rr or Hisloy Peoservoira.

The normal pool la~va! of the R~isley Ro.-aveoir is 62 i'ect highI tru

crrz:nl pool Iovel of 'tho !3urr Pe3Orvoi:-, and tlo Burr ROEW-70ij: is V7 iuc~t

h;>.r than. tbo *or'.iz bai'~c pilrcti r. t. Thor- 4;,c ap- 't:izt.-



>14

~i. Burr Roccrvoir 8 Millica Orallons
Risloy Rozorvoa.r 14

8 (Aftor C1armrir.s)

L Totc&1 Pro o;mt Stcrao 22 M1.llicn Gall=n

[ Additional Storago Requsired 0S Mi llion Gal loa

3. Ps'ozoed Nov? Resorvoir

Tho oaly placo w1oro o. resor-mir of ib-t capacity roquirad cou~ld bo

[locatoad so t)~mt it cosuld to irntogratcd intE" the procmit wabor ctinp2y sst:

its or. Slip'ory Hock Orceck ju,-t abovo toho fil.tr.atica-n t. Then, weor fre-z;

1 ~ tho rosorvoir rou.ld hava to bo pt-.p~d into tho fill.ralzion plant to bo util-

j [ ivid.

A pin of a proposed dcrm *r.d tho rosorvoir formecd by fA. is shcT~mI ll ~on Plate IV. The d=r indicatoad will ivpound aproxiustoly 69.000,000 gsllo=n

of rater, This i is &2out equal to the o ostimatod minir-,mm storage roquir~ede

IiSinc3 440ho minimuum stbrago r-ouired was basod or. a duration of tim~ whan Uxa

rua-*nfall so ioas than 29-inck.3- Per =cnth, no eolcrwanL has been irado for

ovapraticn from tha surface3 of th3 roorvoii's, bocauise thoro would Ibe*

F nuuff ic leat f lore in Chio ebrieem to v'ore than of faet tho ovatporation that would

II The dorn indticated on Plato V,. would ka-m a raxiium heis,,ht of 43

fet .ith a froubcard abovo spilivay crost of-: 7 feet,. Th3 spi1l7-y -iwuld ;)

1 50 fe~r~ in~ wieth., moust..d alton, tho arritor linie of the dcsn. "W-th a udI

[of 90 fee"t ad a dc-.;h of' G.5 moet tho spillvay vro,11d be capoIAbi. of' p.a'nir.:;
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STATE OF NEW YORK "- i g  : ;""'

JUN 2 9
C,,, AA A L a

DEPARTMENT OF PUBLIC WORKS IWO TO ...

ALBANY

. Received . ...................... Dam No... 3 . / 5 2 . ............................
Dispositio,.t1ppr '?e .L..... . 3o.7./ yWatershed... . . r'e ........ . ,l ...... Y 30r

Foundation inspected .................... .... ........ ....... ..:. . "

Structure inspected .................. . ..... ... ............

Application for the Construction or Reconstruction of a Dam
Application is hereby made to the Superintendent of Public Works, Albany, N. Y., in compliance with the

provisions of Section 948 of the Conservation Law (see third page of this application) for the approval of specifica-

lions and detailed drawings, marked.......Vilage. of..Broatonk...New. York. ....... ....

._ .Storage- Reservoir. roJet.......... ' ........ . ... ...
[ construction)

herewith submitted for the xixw== I of a dam herein described. All provisions of law will be complied

with in the erection of the proposed dam. It is intended to complete the work covered by the application about
) 2 o~ev. ar. .~1S.......-,•,,-

1. The' dam will be on. Slippex7...Rock..Creek .... 'flowing into..... Lak .Erie ....... .... . ...in the

toWn of .... '-Portl a.,, ... . _. -County ofhaixtauqua."an(taLfI...-,6 i-south ..fr'om.. interaection, .oX:.-..ate.A-ou:L.. 380..and. U ,_$.,..Route. 0 ....... I

tUlv, eact distance and direction tom a well.known bridge. dat. village mait croa .rwada or mouth of a streaw)

2. Location of dam is shown on the...unkrk ...... quadrangle of the

United States Geologica'Survey. " . .. " ""

3. The name of thi owner is....illage...Q.bz XA-, ..fe..Xork....

4. The address of the owner is.ilagO..a.l.Qot.n .le.Xo k. .I!

[- 5. The dam will be usea for. ..... Storage. Reservcor,.,_/at.r...Supply.Syte .-L...........

6. Will any part of the Aaam be built upon or its pond flood any State lands?, No -. .

7. The watershed above the proposed dam is ....... 7k " square miles.

8. The proposed dam will create a pond area at the spillcrest elevation of 1.6 ......... . acres

and will impound .10,700.,000... ...... cubic feet of water.
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2.22 Location
The pumping station is located ancut 400 feet
off the highway that runs along '.he east shcre
of the Lake, and about h00 feet ncrth of the
north end of the Lake. A tweli- Inch diameter
cast Iron suction pipe eytends from the pumping
station out into the Lake for ;abcut 200 feet
where it terminates in a sub-nerged concrete
intake box. A ten inch dia-.'ter cast iron
discharge line extends from the pumpirg star lon
arallel with the Lake Roai, a distance of ahol.
800 feet where it terminates Ir a concrete
chamber on the east fork of Slipnery Rock Creek.
The discharge chamber is so cons'ructed as to
prevent siphoning from Bear Lake when the pump
Is not running.

2.23 Equipment
The pumping station consists of A concrete pump
pit with a brick superstructure housing one
Fairbanks-Morse 750 g.p.'m, cen rifiwal pumD.
The pump is driven by 1750 r.p.m.. 10 h.p..
1 phase, 60 cycle, 220 volt mo'cr. A sparlir,,
vane type meter, located in the pumping station,
measures and records the a.ount of water being
drawn from the Lake.

2.24 Aeration
Bear Lake is shallow with considerable area of
low swampy land surrounding the Lake proper,
with the result that the water of the Lake is
high in organic matter and deficient in oxygen,
requiring aeration of the water to make it pot-
able. For this reason the water pumped from the

* Lake is discharged into Slippery Rock Creek about
0.9 miles above the His] Reservoir instead of
being piped to the efflaent line of the Risley
Reservoir.

3.0 Storage Fac.ities

3.1 Rlisley Reservoir
The hisley R'oservoir is located on the east branch of
Slippery hock Creek about 1700 feet above the con-
fluence of the south fork and east fork of the Creek.
This point if about 1400 feet east of the Burr Reser-
voir. The reservoir is formed by a dam built across
the valley of the stream. The dam is of earth with
a concrete core wall and concrete spillway. The earth
embankment and core wall is 225 feet In length and 37
feet in height measured from the low point In the
valley to the top of the dam. The spillway is on
the south end of the dam. It is 50 feet in width,



-- - i

aIcni the cen*erlriv of t i -4a-n. .e srillKsiy
discharges'intc the creek exl'e]y 2CO
feet below the toe of the dam. :, i i -r
pou, d3 a reservoir o 1F.' acre: -h the waler
at crest elev titor. 9 a3.) e.,! ,i - axi.!"am
stcraze capacity of P1 rillio? P''lons. 41th
a draft of 13 feet, or R, ee t i r C20 .0, tne
surface area at the reservcr !! rei'lce! r-c F.5
acres arnd stores 211 rrllicr: c,11cr r .

4.0 Suppy Fine Lines and PuMPIM 'tation

4.1 Risley Reservoir and ?urr Reservoir
The pipe lines are so connected that ^u'er from the
Risley Reservoir can be fed Into tho R:I' !eservoir,
then from the Burr Reservoir to the i'ratio, flart,
or it can be fed directly to the FiltrA!inr Flart
from either the Burr or Risley Reserv'irs. The rorrra!
pool level of the Risley He.ervoir is f feet hizherthan normal pool level cf thas Hurf iesirvoir. arA theBurr Reservoir is 27 feet higher tha.. the cpera'ir.r

level of the Filtration Plant. There is approximately'1400 linear feet of eight inch diameter ,ast Iron OPP
connecting the Risley Reservoir into thf outlet piping
from the Burr Reservoir, and 2600 linear feet of ten
inch diameter and 560 feet of twelve inch diametercast Iron pipe conducting the water from the BurrReservoir to the Filtration Plant.

4.2 New Reservoir
Water from the new reservoir is supplied from a
pumplr station located at the toe of the dam. ':Ao
pumps, one rated at 10 h.p. and the other at 71 h.p.,f Ilift the water from elevation R95 to the filter
plant at elevation 945 against a head of 50 feet.
Pump -apacities are as follows; 7j h.p. rated at
720.000 gallon per day and the 10 h.p. rated at
1,OC0,000 gallon per day. The water is conducted
from the reservoir to the pumping station thru a ten
inch cast iron suction pipe. Then it Is pumped Into
the existing ten inch cast iron line from Burr Rese'-
voir to a twelve inch cast iron line at the toe of the
hill below the filter plant. The twelve inch castiron pipe then conducts the water up the embankmertto the Filter Plant.

4.3 Village Supply Pipe
The supply main from the Filtration Plan! to the
Village is a twelve inch diameter cast iron pipe.
The distance from the Plant to the center of the
Village is about 1.8 miles.
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